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SECTION - I (MAXIMUM MARKS: 24) 


This section contains SIX (06) questions. 

Each question has FOUR options for correct answer(s). ONE 
OR MORE THAN ONE of these four option(s) is (are) correct 
option(s). 

For each question, choose the correct option(s) to answer 
the question. 

Answer to each question will be evaluated according to the 
following marking scheme: 

Full Marks : +4 If only (all) the correct option(s) is (are) 
chosen. 

Partial Marks : +3 If all the four options are correct but 
ONLY three options are chosen. 

Partial Marks : +2 If three or more options are correct but 
ONLY two options are chosen, both of which are correct 
options. 

Partial Marks : +1 If two or more options are correct but 
ONLY one option is chosen and it is a correct option. 

Zero Marks : 0 If none of the options is chosen (i.e. the 
question is unanswered). 

Negative Marks : -2 In all other cases. 

For Example: If first, third and fourth are the ONLY three 
correct options for a question with second option being an 
incorrect option; selecting only all the three correct options 
will result in +4 marks. Selecting only two of the three correct 
options (e.g. the first and fourth options), without selecting 
any incorrect option (second option in this case), will result 
in +2 marks. Selecting only one of the three correct options 
(either first or third or fourth option), without selecting any 
incorrect option (second option in this case), will result in +1 
marks. Selecting any incorrect option(s) (second option in 
this case), with or without selection of any correct option(s) 
will result in —2 marks. 


The potential energy ofa particle of mass m at a distance r 
from a fixed point O is given by V(r) = kr*/2, where k is a 
positive constant of appropriate dimensions. This particle 
is Moving in a circular orbit of radius R about the point O. If 
v is the speed of the particle and L is the magnitude of its 
angular momentum about O, which of the following 


statements is (are) true? 
k k 
(A) v= />—R B) v= j—R 
2m m 
mk _9 
(©) L= JmkR? (D) L= > 8 


Consider a body of mass 1.0 kg at rest at the origin at time 
t=0.A force F =(ati+f/) is applied on the body, where 


a= 1.0 Ns! and B = 1.0 N. The torque acting on the body 
about the origin at time t= 1.0.sis t . Which of the following 
statements is (are) true? 


., 1 
(A) [TE ae 
(B) The torque Tt is in the direction of the unit vector + k 
oe ae 
(C) The velocity of the body at t= 1 sis v = 5 (i +2/)ms 


| 
(D) Themagnitude of displacement of the body at t= 1s is A m 


A uniform capillary tube of inner radius r is dipped vertically 
into a beaker filled with water. The water rises to a height A 
in the capillary tube above the water surface in the beaker. 
The surface tension of water is o. The angle of contact 
between water and the wall of the capillary tube is 8. Ignore 
the mass of water in the meniscus. Which of the following 
statements is (are) true? 
(A) For a given material of the capillary tube, decreases 
with increase inr 
(B) For a given material of the capillary tube, h is 
independent of o 
(C) Ifthis experiment is performed in a lift going up with a 
constant acceleration, then / decreases 
(D) his proportional to contact angle 0 
In the figure below, the switches S, and S, are closed 
simultaneously at ¢ = 0 and a current starts to flow in the 
circuit. Both the batteries have the same magnitude of the 
electromotive force (emf) and the polarities are as indicated 
in the figure. Ignore mutual inductance between the 
inductors. The current J in the middle wire reaches its 
maximum magnitude [_,, at time t=. Which of the following 
statements is (are) true? 
R L R ZL 


V I V 
L, — 
_ _ V 
(A) OR (B) AR 
L 24 
= —In2 = —In2 
(C) t R (D) t R 


Two infinitely long straight wires lie in the xy-plane along 
the lines x =+R. The wire located at x =+R carries a constant 
current J, and the wire located at x = —K carries a constant 


current /,. A circular loop of radius R is suspended with its 

centre at (0,0, /3R ) and in a plane parallel to the xy-plane. 

This loop carries a constant current J in the clockwise 

direction as seen from above the loop. The current in the 

wire is taken to be positive if it is in the +j direction. 

Which of the following statements regarding the magnetic 

field B is (are) true? 

(A) IfJ,=£, then B cannot be equal to zero at the origin 
(0, 0, 0) ; 

(B) IfJ,>Oand J, <0, then B can be equal to zero at the 
origin (0, 0, 0) : 

(C) IfJ,<OandJ,>0, then B can be equal to zero at the 
origin (0, 0, 0) 

(D) IfJ, = 4, then the z-component of the magnetic field at 


(Hol 
the centre of the loop is OR 
One mole of a monatomic ideal gas undergoes a cyclic 
process as shown in the figure (where V is the volume and 
T is the temperature). Which of the statements below is 


(are) true? 


(A) Process I is an isochoric process 
(B) In process II, gas absorbs heat 
(C) In process IV, gas releases heat 
(D) Processes I and III are not isobaric 


SECTION - I] (MAXIMUM MARKS: 24) 


This section contains EIGHT (08) questions. The answer 
to each question isa NUMERICAL VALUE. 

For each question, enter the correct numerical value (in 
decimal notation, truncated/rounded-off to the second 
decimal place; e.g. 6.25, 7.00, 0.33, —.30, 30.27, -127.30) 
using the mouse and the on-screen virtual numeric keypad 
in the place designated to enter the answer. 

Answer to each question will be evaluated according to 
the following marking scheme: 

Full Marks : +3 If ONLY the correct numerical value is 
entered as answer. 

Zero Marks : 0 In all other cases. 


Two vectors A and B aredefinedas A = ai and B =a 
(cos wti +sin wt 7 ), where a is a constant and w= 1/6 
rads! If | A+B = a3 | A-B | at time ¢= Tt for the first time, 
the value of t, in seconds, is 

Two men are walking along a horizontal straight line in the 


same direction. The man in front walks at a speed 1.0 ms“! 
and the man behind walks at a speed 2.0 ms!. A third man 


10. 


11. 


12. 
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is standing at a height 12 m above the same horizontal line 
such that all three men are in a vertical plane. The two 
walking men are blowing identical whistles which emit a 
sound of frequency 1430 Hz. The speed of sound in air is 
330 ms"!. At the instant, when the moving men are 10 m 
apart, the stationary man is equidistant from them. The 
frequency of beats in Hz, heard by the stationary man at 
this instant, is , 

A ring and a disc are initially at rest, side by side, at the top 
of an inclined plane which makes an angle 60° with the 
horizontal. They start to roll without slipping at the same 
instant of time along the shortest path. Ifthe time difference 


between their reaching the ground is (2 — NE) )/ J10 s, then 


the height of the top of the inclined plane, in metres, is 
. Take g= 10 ms. 


A spring-block system is resting on a frictionless floor as 


shown in the figure. The spring constant is 2.0 Nm! and 
the mass of the block is 2.0 kg. Ignore the mass of the 
spring. Initially the spring is in an unstretched condition. 
Another block of mass 1.0 kg moving with a speed of 2.0 
ms"! collides elastically with the first block. The collision is 
such that the 2.0 kg block does not hit the wall. The distance, 
in metres, between the two blocks when the spring returns 
to its unstretched position for the first time after the collision 
is 


Three identical capacitors C,, C, and C, have a capacitance 
of 1.0 uF each and they are uncharged initially. They are 
connected in a circuit as shown in the figure and C;, is then 
filled completely with a dielectric material of relative 
permittivity ¢. The cell electromotive force (emf) V, = 8V. 
First the switch S, is closed while the switch S, is kept 
open. When the capacitor C, is fully charged, S| is opened 
and S, is closed simultaneously. When all the capacitors 
reach equilibrium, the charge on C, is found to be 5 uC. 
The value of €, = 


In the xy-plane, the region y > 0 has a uniform magnetic 
field Bik and the region y< 0 has another uniform magnetic 
field Bok ._A positively charged particle is projected from 
the origin along the positive y-axis with speed vy = 7 ms! at 
t=0, as shown in the figure. Neglect gravity in this problem. 
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13. 


14. 


Let t = T be the time when the particle crosses the x-axis 
from below for the first time. If B, = 4B,, the average speed 
of the particle, in ms~!, along the x-axis in the time interval 
T is 


y 


xij 
Vy = 7 ms 


Sunlight of intensity 1.3 kW m~ is incident normally on a 
thin convex lens of focal length 20 cm. Ignore the energy 
loss of light due to the lens and assume that the lens aperture 
size 1s much smaller than its focal length. The average 
intensity of light, in kW m~, at a distance 22 cm from the 
lens on the other side is 

Two conducting cylinders of equal length but different radii 
are connected in series between two heat baths kept at 
temperatures 7, = 300 K and T, = 100 K, as shown in the 
figure. The radius of the bigger cylinder is twice that of the 
smaller one and the thermal conductivities of the materials 
of the smaller and the larger cylinders are K, and K, 
respectively. If the temperature at the junction of the two 
cylinders in the steady state is 200 K, then K,/K, = 


"| material 


SECTION - TT (MAXIMUM MARKS: 12) 


This section contains TWO (02) paragraphs. Based on 
each paragraph, there are TWO (02) questions. 

Each question has FOUR options. ONLY ONE of these 
four options corresponds to the correct answer. 

For each question, choose the option corresponding to 
the correct answer. 

Answer to each question will be evaluated according to 
the following marking scheme: 

Full Marks : +3 If ONLY the correct option is chosen. 
Zero Marks : 0 If none of the options is chosen (i.e. the 
question is unanswered). 

Negative Marks : —1 In all other cases. 


A-3 
PARAGRAPH “xX” 


In electromagnetic theory, the electric and magnetic phenomena 
are related to each other. Therefore, the dimensions of electric 
and magnetic quantities must also be related to each other. In the 
questions below, [£] and [A] stand for dimensions of electric and 
magnetic fields respectively, while [¢)] and [yu] stand for 
dimensions of the permittivity and permeability of free space 
respectively. [Z] and [7] are dimensions of length and time 
respectively. All the quantities are given in SI units. 
15. Therelation between [E£] and [B] is 

(A) [Z]=[BI[ZI7 (B) [E)=[B) ZT" [7 

(©) [E)=[B) (2) 77! (D) [EF(S) (ZF! [7y" 
16. Therelation between [€)] and [15] 1s 

(A) [Mo] =e] (ZP(71* = 8) [op] = Leg] ZT 7? 

(©) [Mol =[egh' (ZF? =) [ool = leg ZT? 77 

PARAGRAPH “A” 


If the measurement errors in all the independent quantities are 
known, then it is possible to determine the error in any dependent 
quantity. This is done by the use of series expansion and 
truncating the expansion at the first power of the error. For example, 
consider the relation z= x/y. If the errors in x, y and z are Ax, Ay 
and Az, respectively, then 


| | Ay) | | 
The series expansion for , ,» to first power in Ay/y, is 


1 + (Ay/y). The relative errors in independent variables are always 
added. So the error in z will be 


(= ~) 

Az= z| —+— 

x sy 

The above derivation makes the assumption that Ax/x « 1, 
Ay/y « 1. Therefore, the higher powers of these quantities are 
neglected. 


(l—a) 


17. Consider the ratio r= to be determined by 


+ 
measuring a dimensionless quantity a. If the error in the 
measurement of ais Aa (Aa/a « 1, then what is the error 
Ar in determining 7? 


Aa 2Aa _2aha_ 
(A) (+a) (B) (+a) 2 ©) (i (—a2) ©) (1—a?) 


18. In an experiment the initial number ¥ radioactive nuclei is 

3000. It is found that 1000 + 40 nuclei decayed in the first 

1.0 s. For |x| « 1, In(1 +x)= x up to first power in x. The 

error AA, in the determination of the decay constant A, in 
sis 

(A) 0.04 


2Aa 


(B) 008 (© 00 


(D) 0.01 
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SECTION -I (MAXIMUM MARKS: 24) 


This section contains SIX (06) questions. 

Each question has FOUR options for correct answer(s). ONE 
OR MORE THAN ONE ofthese four option(s) is (are) correct 
option(s). 

For each question, choose the correct option(s) to answer 
the question. 

Answer to each question will be evaluated according to the 
following marking scheme: 

Full Marks : +4 If only (all) the correct option(s) is (are) 
chosen. 

Partial Marks : +3 If all the four options are correct but 
ONLY three options are chosen. 

Partial Marks : +2 If three or more options are correct but 
ONLY two options are chosen, both of which are correct 
options. 

Partial Marks : +1 If two or more options are correct but 
ONLY one option is chosen and it is a correct option. 

Zero Marks : 0 If none of the options is chosen (i.e. the 
question is unanswered). 

Negative Marks : -2 In all other cases. 

For Example: If first, third and fourth are the ONLY three 
correct options for a question with second option being an 
incorrect option; selecting only all the three correct options 
will result in +4 marks. Selecting only two of the three correct 
options (e.g. the first and fourth options), without selecting 
any incorrect option (second option in this case), will result 
in +2 marks. Selecting only one of the three correct options 
(either first or third or fourth option), without selecting any 
incorrect option (second option in this case), will result in +1 
marks. Selecting any incorrect option(s) (second option in 
this case), with or without selection of any correct option(s) 
will result in —2 marks. 


A particle of mass m is initially at rest at the origin. It is 

subjected to a force and starts moving along the x-axis. Its 

kinetic energy K changes with time as dK/dt = yt, where y is 

a positive constant of appropriate dimensions. Which of 

the following statements is (are) true? 

(A) The force applied on the particle is constant 

(B) The speed of the particle is proportional to time 

(C) The distance of the particle from the origin increases 
linearly with time 

(D) The force is conservative 

Consider a thin square plate floating on a viscous liquid in 

a large tank. The height / of the liquid in the tank is much 

less than the width of the tank. The floating plate is pulled 

horizontally with a constant velocity Up). Which of the 

following statements is (are) true? 

(A) The resistive force of liquid on the plate is inversely 
proportional toh 

(B) The resistive force of liquid on the plate is independent 
of the area of the plate 


(C) The tangential (shear) stress on the floor of the tank 
increases with Up 

(D) The tangential (shear) stress on the plate varies linearly 
with the viscosity n of the liquid 

An infinitely long thin non-conducting wire is parallel to 

the z-axis and carries a uniform line charge density A. It 

pierces a thin non-conducting spherical shell of radius R 

in such a way that the arc PQ subtends an angle 120° at the 

centre O of the spherical shell, as shown in the figure. The 

permittivity of free space is €). Which of the following 

statements is (are) true? 


Lh 


(A) The electric flux through the shell is /3RA/eq 


(B) The z-component of the electric field is zero at all the 
points on the surface of the shell 


(C) The electric flux through the shell is /2RA/e, 


(D) The electric field is normal to the surface of the shell at 
all points 

A wire is bent in the shape of a right angled triangle and is 

placed in front of a concave mirror of focal length f| as 

shown in the figure. Which of the figures shown in the four 

options qualitatively represent(s) the shape of the image 

of the bent wire? (These figures are not to scale.) 


o* 
oo? 
* 
o* 
os 
os 
- 


(C) 56 i0<a<45'(D) ! 


In a radioactive decay chain, *3*Th nucleus decays to 


715 Pb nucleus. Let N, and Ng be the number of ao and 


B~ particles, respectively, emitted in this decay process. 
Which of the following statements 1s (are) true? 
(A) N,=5 @) Ny=6 © Ng=2 OW) Ng=4 
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In an experiment to measure the speed of sound by a 

resonating air column, a tuning fork of frequency 500 Hz is 

used. The length of the air column is varied by changing 

the level of water in the resonance tube. Two successive 

resonances are heard at air columns of length 50.7 cm and 

83.9 cm. Which of the following statements is (are) true? 

(A) The speed of sound determined from this experiment 
is 332 ms“! 

(B) The end correction in this experiment is 0.9 cm 

(C) The wavelength of the sound wave is 66.4 cm 

(D) The resonance at 50.7 cm corresponds to the 
fundamental harmonic 


SECTION - I] (MAXIMUM MARKS: 24) 


10. 


This section contains EIGHT (08) questions. The answer 
to each question isa NUMERICAL VALUE. 

For each question, enter the correct numerical value (in 
decimal notation, truncated/rounded-off to the second 
decimal place; e.g. 6.25, 7.00, —0.33, —.30, 30.27, -127.30) 
using the mouse and the on-screen virtual numeric keypad 
in the place designated to enter the answer. 

Answer to each question will be evaluated according to 
the following marking scheme: 

Full Marks : +3 If ONLY the correct numerical value is 
entered as answer. 


Zero Marks : 0 In all other cases. 


A solid horizontal surface is covered with a thin layer of oil. 
A rectangular block of mass m = 0.4 kg is at rest on this 
surface. An impulse of 1.0 Ns is applied to the block at time 
t = 0 so that it starts moving along the x -axis with a velocity 
v(t) = vge“t, where vy is a constant and t = 4s. The 
displacement of the block, in metres, at t = t is 

Take e-!=0.37. 

A ball is projected from the ground at an angle of 45° with 
the horizontal surface. It reaches a maximum height of 120 m 
and returns to the ground. Upon hitting the ground for the 
first time, it loses half of its kinetic energy. Immediately 
after the bounce, the velocity of the ball makes an angle of 
30° with the horizontal surface. The maximum height it 
reaches after the bounce, in metres, is 

A particle, of mass 10-3 kg and charge 1.0 C, is initially at rest. 

At time t = 0, the particle comes under the influence of an 
electric field E (t)=E g sin «ti, where E y= 1.0 NC” l and 
«®=10> rad s“!. Consider the effect of only the electrical force 
on the particle. Then the maximum speed, in ms“!, attained by 
the particle at subsequent times is 

A moving coil galvanometer has 50 turns and each turn has 
an area 2 x10~* m2. The magnetic field produced by the 
magnet inside the galvanometer is 0.02 T. The torsional 
constant of the suspension wire is 10“ N m rad~/. When a 
current flows through the galvanometer, a full scale 
deflection occurs if the coil rotates by 0.2 rad. The resistance 
of the coil of the galvanometer is 50 Q. This galvanometer 
is to be converted into an ammeter capable of measuring 
current in the range 0 —1.0 A. For this purpose, a shunt 
resistance is to be added in parallel to the galvanometer. 
The value of this shunt resistance, in ohms, 1s 


11. 


12. 


13. 


14. 


A-5 
A steel wire of diameter 0.5 mm and Young’s modulus 
2 x 10!! Nm carries a load of mass M. The length of the 
wire with the load is 1.0 m. A vernier scale with 10 divisions 
is attached to the end of this wire. Next to the steel wire is 
a reference wire to which a main scale, of least count 1.0 
mm, 1s attached. The 10 divisions of the vernier scale 
correspond to 9 divisions of the main scale. Initially, the 
zero of vernier scale coincides with the zero of main scale. 
If the load on the steel wire is increased by 1.2 kg, the 
vernier scale division which coincides with a main scale 
division is Take g=10ms~2 and n= 3.2. 
One mole of amonatomic ideal gas undergoes an adiabatic 
expansion in which its volume becomes eight times its initial 
value. If the initial temperature of the gas is 100 K and the 
universal gas constant R = 8.0. mol! K—!, the decrease in 
its internal energy, in Joule, is 
In a photoelectric experiment a parallel beam of 
monochromatic light with power of 200 Wis incident ona 
perfectly absorbing cathode of work function 6.25 eV. The 
frequency of light is just above the threshold frequency so 
that the photoelectrons are emitted with negligible kinetic 
energy. Assume that the photoelectron emission efficiency 
is 100%. A potential difference of 500 Vis applied between 
the cathode and the anode. All the emitted electrons are 
incident normally on the anode and are absorbed. The anode 
experiences a force F = n x 10-4 Ndue to the impact of the 
electrons. The value of n is . Mass of the 
electron m,=9 10-7! kg and 1.0 eV = 1.6 x10719 /. 
Consider a hydrogen-like ionized atom with atomic number 
Z with a single electron. In the emission spectrum of this 
atom, the photon emitted in the n= 2 ton=1 transition has 
energy 74.8 eV higher than the photon emitted in the n =3 
to n = 2 transition. The ionization energy of the hydrogen 
atom is 13.6 eV. The value of Z is 


SECTION - TT (MAXIMUM MARKS: 12) 


15. 


This section contains FOUR (04) questions. 

Each question has TWO (02) matching lists: LIST-I and 
LIST-IL 

FOUR options are given representing matching of elements 
from LIST-I and LIST-II. ONLY ONE ofthese four options 
corresponds to a correct matching. 

For each question, choose the option corresponding to 
the correct matching. 

For each question, marks will be awarded according to the 
following marking scheme: 

Full Marks : +3 If ONLY the option corresponding to the 
correct matching chosen. 

Zero Marks : 0 If none of the options is chosen (i.e. the 
question is unanswered). 


Negative Marks : —1 In all other cases. 


The electric field E is measured at a point P (0, 0, d) generated 
due to various charge distributions and the dependence of E 
on d is found to be different for different charge distributions. 
List-I contains different relations between E and d. List-II 
describes different electric charge distributions, along with 
their locations. Match the functions in List-I with the related 
charge distributions in List-II. 


16. 


17. 


LIST-I LISTHI 

P.Eisindependent ofd 1. A point charge Qat the origin 

Q.E « I/d 2. A small dipole with point 
charges Q at (0, 0, 2) and—Q 
at (0, 0,-/). Take 21<<d 

R.E « 1/d2 3. An infinite line charge 
coincident with the x-axis, 
with uniform linear charge 
density A 

S.E « 1/2 4. Two infinite wires carrying 


uniform linear charge density 
parallel to the x - axis. The one 
along (y=0,z=/) has acharge 
density +A and the one along 
(y = 0, z =-/) has a charge 
density— ATake 21 <<d 
5. Infinite plane charge 
coincident with the xy-plane 
with uniform surface charge 
density 
(A) P>5;Q53,4,R791;S2 
(B) P>5;Q>53;R71,4;832 
(C) P>5;Q753;R>1,2;S4 
(D) P>4;Q>52,3;R31;S5 
A planet of mass M, has two natural satellites with masses 
m, and m,. The radii of their circular orbits are R, and R, 
respectively, Ignore the gravitational force between the 
satellites. Define v,, L,, K, and T,to be, respectively, the 
orbital speed, angular momentum, kinetic energy and time 
period of revolution of satellite 1; and v,, L,, K,, and T, tobe 
the corresponding quantities of satellite 2. Given m,/m, = 2 


and R|/R,= 1/4, match the ratios in List-I to the numbers in 
List-II. 

LIST-I LIST 

P. v,/V>5 1. 1/8 

Q. L/L, 2,1 

R. K,/K, 3.2 

Ss. T,/T, 4.8 


(A) P>4,;Q52;R51;S53 

(B) P>3;Q>52;R>4;S 1 

(C) P>2;Q53;R51;S>4 

(D) P>2;Q53;R>4;S> 1 

One mole of a monatomic ideal gas undergoes four 
thermodynamic processes as shown schematically in the 
PV-diagram below. Among these four processes, one is 
isobaric, one is isochoric, one is isothermal and one is 
adiabatic. Match the processes mentioned in List-I with 
the corresponding statements in List-II. 


18. 
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LIST-I LISTHI 

P. In process I 1. Work done by the gas is zero 

Q. In process II 2. Temperature of the gas 
remains unchanged 

R. In process III 3. Noheatis exchanged between 
the gas and its surroundings 

S. In process IV 4. Workdone bythe gas is 6 P) VO 


(A) P>4;Q53;R751;S>2 
(B) P>1;Q53;R52;S>4 
(C) P>3;Q74;R751;S>52 
(D) P>3;Q74;R>52;S 51 
In the List-I below, four different paths of a particle are 
given as functions of time. In these functions, a and B are 
positive constants of appropriate dimensions and a # B In 
each case, the force acting on the particle is either zero or 
conservative. In List-II, five physical quantities of the 


particle are mentioned P is the linear momentum, L is the 
angular momentum about the origin, K is the kinetic energy, 
U is the potential energy and E is the total energy. Match 
each path in List-I with those quantities in List-II, which 
are conserved for that path. 


LIST-I LIST-I 
P. 7(t)=ati+Btj l. 7p 
Q. T(t) =acosat i+ Bsinat j 2. 
R. T(t)=a(cosat i+sinwt j) 3. K 
Se eee 
S, r(t)=at eG) J 4. U 
5s E 
(A) P71, 2,3,4,5; Q3 2,5; R 2, 3,4,5;S—5 
(B) P>1,2,3,4,5;Q>3,5;R>2,3,4,5;8 32,5 
(C) P>2,3,4;Q35;R71,2,4;8>2,5 
(D) P->1,2,3,5:Q>2,5;R>2, 3,4,5;S 2,5 
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1. 


2; 


3: 


Paper - | 


dv d|\kr’ 
B,C) We know that, |F|= — = —] —|=Ar 
( ) We know that, [Fl=— aie 


-: Potential energy, V(r) = Kr2/2 given 
For r=R, F=kR 


2 
Also F = 7 (circular motion) 


2 
_ mY =kR ave exe 
R m 


Angular momentum L = mvR = n{ ee = VkmR? 
m 


(A,C) Given F=tit+j  -. met athe) 


-dv=tdtit+atj [- m=l 


At t=ls, basis j=l 2jyms™ 


— 


2 
Furhep =e tj 
dt 2 


Poh ‘ 
. dF = dti +tdej 


02 
eo 
=> r=—Tit+—yJ 
6 2 
At t=1, eee -, l7l= in = 
6 2 36 4 \36 
=_oURf I. 1, ae 
vere ery (agi) 
i j k 
1 1 A - (1 1 1 » 
=|— — 0|/=i(0-0)-j(0-0)+k| —-—|=-<k 
> + o=i(0-0)-j0-0)+é{4-5)-—5 
1 1 0 
|= > Nm 
2 
(A,C) We know that 4= Zocos! 
PS ef 


As 'r' increases, 4 decreases 


4. 


Ds 


[all other parameter remaining constant] 
Alsoh«o 

Further if lift is going up with an acceleration ‘a’ 
then g.¢= gt a. As g.- increases, 'h' decreases. 
Also A is not proportional to '6' but h ox cos 8 


(B,D) Herel +1, =], I=I, -1, 
fh. <= p71. == 
I=—|1-e24 |-—/1-e 4 
R 
| ==, 22 
=> I=—|e! -e4h 
R 
R L, R 2L 
. V 
V rf L, 
, dl 
For I to be maximum, rn 0 
= eels 
Vv RK L -(2 e2L |=0 
R| L ZL 
a R 
e 2L =(4):=m2 
2L 
ta ein? 
R 


This is the time when I is maximum 


Vy EP en 
PY EAR OSL 


Further 


R 
Vil i 
> Umax Ra 2 
V 
Imax = 7p 


(A, B,D) If, =1,, then the magnetic fields due to/, and 

I, at origin 'O' will cancel out each other. But the 
magnetic field at 'O' due to the circular loop will be 
present. Therefore 'A' is correct. 
If J, > 0 and J, < 0, then the magnetic field due to 
both current will be in + Z direction and add-up. The 
magnetic field due to current I will be in —Z direction 
and if its magnitude is equal to the combined 
magnitudes of J, and J,, then B can be zero at the 
origin. Therefore option 'B' is correct. 


If J, < 0 and J, > 0 then their net magnetic field at 
origin will be in —Z direction and the magnetic field 
due to / at origin will also be in —Z direction. Therefore 


B at origin cannot be zero. Therefore 'C’ is incorrect. 
If J, =, then the resultant of the magnetic field Bp at 
P (the centre of the circular loop) is along +X direction. 
Therefore the magnetic field at P is only due to the 
current I which is in —Z direction and is equal to 


pate (_p. 


Therefore option 'D' is correct. 


6. (B,C,D) InprocessI, volume is changing. Therefore it is 


not isochoric. Therefore 'A' is incorrect. 

In process II, g = AU+ W. AU=0 as temperature is 
constant. Therefore g = W. Here W= P( y= V,) is 
positive therefore g is positive 1.e., gas absorbs heat. 
Therefore 'B' is correct. 

For process IV, g = AU + W. Here AU= 0 and Wis 
negative (volume decreases). Therefore g is negative 
1.e., gas releases heat. 'C’ is correct. 

For an isobaric process, V « T 1.e., we will get a 
straight inclined line in 7-V graph. Therefore I and II 
are NOT isobaric. 'D' is correct. 


7. (2.00) 


=, 


= 


14+ Bl=V3|4-B 
la i + acoswt i + asinot jl=~3la i —acoswt i—asinwt j 
\(l +cosot)i + sin wf j| = 3 \(1—cos @t)i —sinwt j 
J/2+2coswt = V3 V2—2coset 


1+ cos @t = 3(1—cos@f) 


| 1 
Acosa@t = 2 : So, or, or=s 


*. t=2.00 seconds 
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8. (5.00) Observer/listener 
v | : | a.m / cal 
A = ——— F; y) m 
v—2cos8 rete | 
v A gimk| opt ms 
VB ae, BX6 
v+lcos0 om tH 
l cos 8 


Beat frequency = (| = | id 
v—2cos@ v+cos@ 


ota 
v—2cos8 v+cos0 


330-—2x— 330+— 
13 13 
| | 
=1430330x13) = 
330x13-10 330x13+5 
143033013] =| = 
4280 4295 


9. (0.75) 
The time taken to reach the ground is given by 


l ae c) 
~ sind g MR? 


( 
Forring ¢, = —— mala 
sin 


ry t _ 
For disc /2 sin60? 60° 


O33 
10 - 


i ale 
ane 


a 
Wh -V3h =V3-= 


Given ft —t = 


0.232 
- Vh= 


Jh (2-1.732)= 1.732 -1.5 oe 


“hAx0.75m 
10. (2.09) 


_ (m= my My 
m+ my 


2M7Uy _ (1—2)2 _ —2 nae! 


mt+m, 142 3 
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11. 


12. 


13. 


re 7 om 7 2m uy oe = 
1+2 3 


mM + IM) mM + IM) 


The time period of mass 2 kg after attaining velocity is 


P= 2m] =2n/* =2n 
k 2 
l 


u,=2ms 


Therefore the time taken to return the original position by 


2 kg mass is 7 sec. 
Distance between the two blocks 


Sg om 
3 3 #7 


(1.50) 
Initially 
The charge on C; is q, =C,V=1 x 8uC=8 pC 


wT i 1 pF=C, 


Finally 


As the charge on C; is found to be 5 uC therefore charges 


on C, and C, are 3 uC each 
Applying Kirchhoff loop law 


5_3 3 4 Ci = &, uF 5 uC 
é, | 
= spt] 
e, C,=1 uF 7 
Je pe 
E&, 3 
(2.00) 
Average speed along X-axis 21 +2 _ 2(%i +) 
fh +l> i +l 
MVo MVo 
_ | 93__4(45;) 
Tm 1m 


baaliaere 
qB, q(4B,) 


But V)=n1 
Average speed along X-axis = 2.00 
(130.00) A 
AAFB and ACFD are similar 7 
@_2ii 
D 20 10 


Bs 20 cm——><— 
2cm 


14. 


15. 


16. 


17. 


18. 


j) 
*. Ratio ofarea = a = i 
D2 100 


As there is no energy loss 

.. Average intensity of light at a distance 22 cm 

_13x2D?/4 
nd? / 4 

(4.00) 

The intermediate temperature is given by the formula 


= 1.3 x 100=130.00kWm~? 


KAT , ky Aly 


a) a, 
MA, 62% 
li ly 


Here, T= 200 k, T, = 300k, 7, = 100k 
/,=l andA, = nr, A, =4nr* 


kymr* x 300+ kyn(4r7)100 


200 = 5 5 
kynr* + kyn(4r~ ) 
. 200= 300k, + 400k, 
ky zs 4k> 


200 k, + 800k, = 300k, + 400k, 


ps 


(C) Weknow that, C= = where C = speed of light 


E=CB=LT'!B 
(D) Weknow that 


viva. dr_(1+ay(-I)-(l-a)__ 2 

(B) lt+a ~ da (1+a)° (l+a) 
| |= 2Aa 
(l+a)* 


(C) Weknow that, N = Nye ™ 
Taking /og on both sides log, N= log, Ny — At 
differentiating with respect to 'A' we get 

_aN 40 

tN 1x2000 


—=0-1 .. {da 


= 0.02 


[- N=3000— 1000 =2000] 


A-10 

1. (A,B,D sale d k= mv? “(am 

: (A, B,D) 7 =yt and k=>mV Aw 
m dV dV 
—x2V— = mV — = 

= 5 a a 

V t ; , 
m|VaV =| tt a 
0 0 2 Z 


4. 


: y= fle 1e., Vt 
m 


As V is proportional to 't', distance cannot be proportional 
to't’. 


dV d ly ly 
_ = —$ x= p— —xfl= —— = — 
Nowf=ma ae? md} Dt m ” 4/ym =constant 


u 
(A, C, D) We know that |F| = nA 7 


u 
where ra = velocity gradient 


Also FI = 72. 
A h 


(A, B) According to Gauss's Law, 


V3A0R 


€9 


l l 
Electric flux, 6= <, din= 2 [A x 2 Rsin 60°] = 
0 0 


Further electric field is perpendicular to the wire therefore 
its Z-component will be zero. 


AB = R sin 60° 


(D) Theimage of AB will be A'B' as AB lies between pole 
and focus. Further as the object is moved towards the focus 
the image also moves away. 
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The object distance decreases from f to f. Therefore the 


final result is (D). 
232-212 20 
(A, C) No. of a-particles = —a 4 5 
Th —_—_> Db + *y +2 i 
90 gb + 5 He + 2 _B 
rN 
(A, C) Given (2n + ly =50.7+e 


Xr 
and (2n + 3)7 =83.9+e 


- i 50.7+e 3x 83.9430e=5x 50.745 
— ————— , x =e 
uE) a Bae. We eae — 
2e=128 => e=0.9 cm 
3X 
= 50.7+0.9=51.6 ..4=66.4cm 


Also V=vA= 500 x 0.664 ms“! = 332.0ms! 
(6.30) | Impulse=Change in linear momentum 


J l ; 
J=mV, or Vo= m 04 =2.5ms_ 


ds , -t/ 
TF, =Voe bs => ds = voe T dt 


_ tle, 
Also V = voe . aH 


T 
s= vo [edt =vyt(1—e1)=2.5 x 4x 0.63 =6.30m 
0 


usin 
(30.00) H= 


a 120= 
2g ad 22g 
u* = 480 g 
ee 
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K.Eg nal 5 (240 mg) = 120 mg 
ee 
Pie = 120mg = 240 g 
2402 x Z 
Wg 
9, (2.00) GivenE=sin 103t i 
F=ma 
dv Edt  qsin1000ti 
qE= m— Ge eee 
dt m m 


v q 1/@ . . T on 
a | dv=t | sinl000r dt | max. speed is at oz 
m 


x2 
0 0 
ii 
"7 ee L__ [costooor|g’” 
~ mL 1000 |, 103-1000 
= -| c0s1000% : -c0s0 |= 1-1]=2 ms7! 
- 1000 a 
10. (5.56) | Weknow that CO =NBAI, 
5 8 _ 107* x0.2 opin 
8 NBA 50x2x10*x0.02 ~ 
Further for a galvanometer 
I,x G=(I-I,)S 
IgG = 0.1x50 50 
S= Tay = =— Q 
g 1-01 9 


Fl 
We know that A/ = —— 


11. (3.00) oa 


1.2x10x1 
= “a ~03mm 


2 
_4 
o[ 212] s2st0" 


The third marking of vernier scale will coincide with the 
main scale because least count is 0.1 mm. 


ae -1 -1 
12. (900.00) For an adiabatic process TV’ = T, (sv) 


5 
where y = 3 T,= 


4 
Further AV =nC,AT= n( Lear - “ (= 4 =) 


1x3x8 3 
=_ —x100 =~ 
AV 5 a7 900J 


13. 


14. 


15. 


16. 


17. 


(24.00) Number of electrons emitted per second 


200 W 


~ 6.25x1.6x107 97 


Force = Rate of change of linear momentum= NJ 2mk 


200 
Xx $9x9x1073! x1.6x107!? x 500 


~ 6.25x1.6x107)9 
[-s K=eV: e= 1.6 x 10°19 =V=500] 


= 24.00 
| 1 1 
a id eng eee oy eee 
13.6z | 74.84 13.6z F | 
z=3 


| kQ | ua 
(B) ForapointchargeE= —> and fora dipole E = D 


2kx 
Further for an infinite long line charge E = aie and for 


infinite plane charge E = ——— 
2 1) 


Also for two infinite wires carrying uniform linear charge 
density. 


2kn 2kX t 2k. 


——cosa = === x ———— = 
e _= Va2+2 d?+t? 


aa 


K= 


pte Ly myk er 
aa ai Mmv2Ry  1x1x4 1 
GMm kom RR 2x4 8 
_-E.= —. Therefore; = *>, =—=—=- 
Also K.E R erefore ky my Ry Ix] 1 
3/2 
Further T? « R? ,2-(2] ot 
: a ae eo 8 


(C) Process | is adiabatic therefore AQ = 0 
Process 2 is isobaric therefore W = P(V, 
=3P((3Vo—Vo)= 6Po Vo 
Process 3 is isochoric therefore W = P(V,—V,)=0 
Process 4 is isothermal therefore temperature is 
constant, Au = 0 


— V)) 
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As the force is central therefore total energy remains 
= ai +Pj which is constant constant. 


ae dr Z A A 
3 =0 RO y= a a[-—osinwti+@cosat j| 


18. (A) P oe 
. (A) ee 


Further P = my is constan 
urther P= my 1s constant V = G0 i.e., speed is constant 


1 = 
be 2D. dy a : A 
and K = 5 mv“ is constant ar =—aw?[cos ot? + sin ot j] 
— OU, ou , : a A =-m*F 
pa 2) =(0 (-. g is constant) oe 
Tt = 7xPF =(0 
mle Force is central in nature 
AlsoE=K+U 
U and K are also constant. 
ne é z 
ace a ee ee .. L =constant * dr r r 
dt Sy FF = atit+pe j “ V={(t) 
Q> v= < =-0(sin t)i+Ba(cos wf) ] @ = Bj ie., constant 
F = ma constant 
j= 5 = -w[acosot i+Psin wt j]=—-w’F , is 
AU= -[F-aF = -m[Bj-(ai+By)dt = BO 
Also t=7xF =0 (..# and F are parallel) 0 
a ae mor? K= ay =! na? +B*27) 
AU =-|F dr =+|mo (ar Ucar 2 py 
0 


l 
5s ae AlsoE=K+U= — mo” which is constant. 
Alsor =a’ cos’ wt+P’sin’at .. r=f(d) 2 
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The density of a material in the shape of a cube is determined 
by measuring three sides of the cube and its mass. If the 
relative errors in measuring the mass and length are 
respectively 1.5% and 1%, the maximum error in determining 
the density is: 

(1) 2.5% (2) 3.5% 

(3) 45% (4) 6% 

All the graphs below are intended to represent the same 
motion. One of them does it incorrectly. Pick it up. 


velocity 


(1) mt 
3) a time 


Two masses m, = 5 kg and m, = 10 kg, connected by an 
inextensible string over a frictionless pulley, are moving as 
shown in the figure. The coefficient of friction of horizontal 
surface is 0.15. The minimum weight m that should be put 
on top of m, to stop the motion 1s: 


(1) 183kg (2) 27.3kg 

(3) 43.3kg (4) 10.3kg 

A particle is moving in a circular path of radius a under the 

action of an attractive potential U = — = . Its total energy is: 
2r 


k k 
Orn @) 2,2 
k 

(3) zero (4 re 


In a collinear collision, a particle with an initial speed vo 


strikes a stationary particle of the same mass. If the final 
total kinetic energy is 50% greater than the original kinetic 
energy, the magnitude of the relative velocity between the 
two particles, after collision, 1s: 


a > Q) V2vy 
@ *2 a) 


Seven identical circular planar disks, each of mass M and 
radius R are welded symmetrically as shown. The moment 
of inertia of the arrangement about the axis normal to the 
plane and passing through the point P is: 


19 55 

() MR’ @) MR 
73 181 

(3) => MR’ (4) —MR* 


From a uniform circular disc of radius R and mass 9 M, a 


R 
small disc of radius 3 is removed as shown in the figure. 


The moment of inertia of the remaining disc about an axis 
perpendicular to the plane of the disc and passing, through 
centre of disc is : 


(1) 4MR?2 (2) a MR? 
(3) 10 MR? (4) = MR? 


A particle is moving with a uniform speed in a circular orbit 
of radius R in a central force inversely proportional to the 
n'® power of R. If the period of rotation of the particle is T, 
then: 


(1) To R?? for anyn. 


3) Toc R(ath/2 


(4) Ta Rn2 
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10. 


11. 


12, 


13. 


14. 


15. 


A solid sphere of radius r made of a soft material of bulk 
modulus K is surrounded by a liquid in a cylindrical 
container. A massless piston of area a floats on the surface 
of the liquid, covering entire cross-section of cylindrical 
container. When a mass m is placed on the surface of the 
piston to compress the liquid, the fractional decrement in 


dr\ . 
the radius of the sphere (#) 1S: 


Ka Ka 
ee Q) 3me 
on ae 
GO) 3X4 (4) Ka 


Two moles of an ideal monoatomic gas occupies a volume V 
at 27°C. The gas expands adiabatically to a volume 2 V. 
Calculate (a) the final temperature of the gas and (b) change 
in its internal energy. 


(1) (a) 189K (b) 2.7kJ 
(2) (a)195K (b) —2.7kJ 
(3) (a)l89K (b) —2.7kJ 
(4) (a)195K (b) 2.7kJ 


The mass ofa hydrogen molecule is 3.32x 10-2’ kg. If 1073 
hydrogen molecules strike, per second, a fixed wall ofarea 
2 cm? at an angle of 45° to the normal, and rebound elastically 
with a speed of 10° m/s, then the pressure on the wall is 
nearly: 

(1) 2.35 x 103 N/m (2) 4.70 x 103 N/m? 

(3) 2.35x 10% Nim? (4) 4.70 x 102 N/m? 

A silver atom in a solid oscillates in simple harmonic motion 
in some direction with a frequency of 10!/sec. What is the 
force constant of the bonds connecting one atom with the 
other? (Mole wt. of silver = 108 and Avagadro number = 6.02 
x 1023 gm mole~!) 

(1) 64N/m (2) 7.1 N/‘n 

(3) 2.2N/n (4) 5.5 N/m 

A granite rod of 60 cm length is clamped at its middle point 
and is set into longitudinal vibrations. The density of granite 
is 2.7 x 10° kg/m? and its Young's modulus is 9.27x10!° Pa. 
What will be the fundamental frequency of the longitudinal 
vibrations? 

(1) SkHz (2) 2.5kHz 

(3) 10kHz (4) 7.5kHz 

Three concentric metal shells A, B and C of respective radii 
a, band c (a< b<c) have surface charge densities +o, -—o 
and +o respectively. The potential of shell B is: 


o | a*—b* o | a*—b* 
of] es 


o | b? —c? o | b*—c? 
ic 


A parallel plate capacitor of capacitance 90 pF is connected 
to a battery of emf 20V. Ifa dielectric material of dielectric 


16. 


17. 


18. 


19. 


20. 
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i , 
constant k= 318 inserted between the plates, the magnitude 


of the induced charge will be: 


() 12nC (2) 0.3nC 

(3) 24nC (4) 0.9nC 

In an a.c. circuit, the instantaneous e.m.f. and current are 
given by 


e= 100 sin 30t 


TU 
i= 20 sin (30-4 


In one cycle of a.c., the average power consumed by the 
circuit and the wattless current are, respectively: 


1000 

(1) 5OW,10A 2) 75 W,10A 
50 

(3) i (4) 50W,0 


Two batteries with e.m.f. 12 V and 13 V are connected in 
parallel across a load resistor of 1092. The internal 


resistances of the two batteries are 1 02 and2Q respectively. 
The voltage across the load lies between: 
(1) 11.6Vand11.7V (2) 11.5 Vand11.6V 
(3) 11.4Vand11.5V (4) 11.7Vand11.8V 
An electron, a proton and an alpha particle having the same 
kinetic energy are moving in circular orbits of radii r,, Fsbo 
respectively in a uniform magnetic field B. The relation 
between r,, rs One 
(I) r> ae (2) r.< r= 
(3) 1,< ei Es (4) r.< acs 
The dipole moment ofa circular loop carrying a current I, is 
m and the magnetic field at the centre of the loop is B,. 
When the dipole moment is doubled by keeping the current 
constant, the magnetic field at the centre of the loop is B,. 
The ratio cal is: 

By 


(1) 2 
1 
3) 2 4) 


For an RLC circuit driven with voltage of amplitude v, and 


2) 3 


l cue 
frequency Wp = VLC the current exhibits resonance. The 


quality factor, Q is given by: 


ae = 
R cR 
8) (eC) © “e 
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21. 


22. 


PRE 


24. 


An EM wave from air enters a medium. The electric fields 


Z 


are Ej = Eo, X COS 2m ) in air and 


C 
E2 = Eo)xcos[k(2z—ct)] in medium, where the wave 
number k and frequency v refer to their values in air. The 
medium is nonmagnetic. If €, and Sr, refer to relative 


permittivities of air and medium respectively, which of the 
following options is correct? 


€ r 

ei | aoe 
) © Os 

2 2 

Ty me ce ak 
O64 Oe. 2 


Unpolarized light of intensity I passes through an ideal 
polarizer A. Another indentical polarizer B is placed behind 


I 
A. The intensity of light beyond B is found to be 5° Now 


another identical polarizer C is placed between A and B. The 


] 
intensity beyond B is now found to be 3 The angle between 


polarizer A and C is: 
(1) 0 (2) 30° 
(3) 45° (4) 60° 


The angular width of the central maximum ina single slit 
diffraction pattern is 60°. The width of the slit is 1 um. The 
slit is illuminated by monochromatic plane waves. If another 
slit of same width is made near it, Young's fringes can be 
observed on a screen placed at a distance 50 cm from the 
slits. If the observed fringe width is 1 cm, what is slit 
separation distance? 

(i.e. distance between the centres of each slit.) 

(1) 25um (2) 50pm 

(3) 75pm (4) 100um 

An electron from various excited states of hydrogen atom 
emit radiation to come to the ground state. Let i, he be the 
de Broglie wavelength of the electron in the n"™ state and 


the ground state respectively. Let A, be the wavelength of 


the emitted photon in the transition from the n™ state to the 
ground state. For large n, (A, B are constants) 


B 
(ij. PROD Q) A,~A+BAy 


n 


3) A?zA+BX, (4) A2~d 


25. 


26. 


ZT 


28. 


29. 


30. 
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If the series limit frequency of the Lyman series is v,, then 
the series limit frequency of the P-fund series is : 

(lI) 25v, (2) 16v, 

(3) v,/16 (4) v,/25 

It is found that if a neutron suffers an elastic collinear 
collision with deuterium at rest, fractional loss of its energy 
is py; while for its similar collision with carbon nucleus at 
rest, fractional loss of energy is P.,. The values of P, and P,, 
are respectively: 


(1) (-89,-28) (2) (-28,-89) 
(3) (0, 0) (4) (0, 1) 


The reading of the ammeter for a silicon diode in the given 
circuit is : 


2002 
3V 

(1) 0 (2) 15mA 

3) 11.5mA (4) 13.5mA 


A telephonic communication service is working at carrier 
frequency of 10 GHz. Only10% of it is utilized for 
transmission. How many telephonic channels can be 
transmitted simultaneously if each channel requires a 
bandwidth of 5 kHz? 

(1) 2x10 (2) 2x 104 

(3) 2x10 (4) 2x 10° 

In a potentiometer experiment, it is found that no current 
passes through the galvanometer when the terminals of the 
cell are connected across 52 cm of the potentiometer wire. If 
the cell is shunted by a resistance of 5 Q, a balance is found 
when the cell is connected across 40 cm of the wire. Find the 
internal resistance of the cell. 

(qj) 10 (2) 1.50 

(3) 20 (4) 2.50 

On interchanging the resistances, the balance point of a 
meter bridge shifts to the left by 10 cm. The resistance of 
their series combination is 1kQ. How much was the resistance 
on the left slot before interchanging the resistances? 


(1) 9909 (2) 505Q 
3) 5500 (4) 9100 
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1. 


(3) 


(2) 


(2) 


(3) 


(2) 


Before Collision 
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SOLUTIONS 


Volume(V) {3 
Ad AM n 3AL 


.. Error in density, a” 


=1.5%+ 311%) =4.5% 

Graphs in option (3) position-time and option (1) 
velocity-position are corresponding to velocity-time 
graph option (4) and its distance-time graph is as given 
below. Hence distance-time graph option (2) is 
incorrect. 

distance 


M L 


time 


Given : m, = 5kg; m, = 10kg; u=0.15 
For m,,m,g—T=m,a 

=> 50-T=5xa 

and, T—0.15 (m+ 10) g=(10+m)a 
For rest a=0 

or, 50=0.15(m+ 10) 10 


Since particle is moving in circular path 


r r 1° 
Kee 
2 2r? 
Total energy = PE. + K.E. 
= a + a =Zero (.° PE.= —— given) 
2x” 2r 2r 


After Collision 


@-'@®2=@"' @®° 


Stationary 


(4) 


2 2 22 
— v? +Vv4 = 1 
CD i) 


From momentum conservation 
MV, = m(V, + V5) | 
Squarring both sides, 
7: a. 
> vy tvyt 2V1V> =Vo 


(ii) 


2 
Vv 
2V1V> = — 


2 
a a a oF V0 
(Vj —V2)° =v +Vv9 - MINI 570 oS 


Solving we get relative velocity between the two particles 
V¥j-V¥2.= J? Vo 

Using parallel axes theorem, moment of inertia about ‘O” 
I=L, t me 


2 
7 = +6(Mx(2R)*) = 


55MR~ 
2 


Again, moment of inertia about point P, I, =I, + md? 


181 


2 
= ou +7M(3R)? = — MR* 


Let o be the mass per unit area. 


The total mass of the disc = o x 1 R?=9M 
The mass of the circular disc cut 
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10. 


(3) 


(3) 


(3) 


Let us consider the above system as a complete disc of 
mass 9M and a negative mass M super imposed on it. 
Moment of inertia (/,) of the complete disc = 


1 
= SMR about an axis passing through O and 


perpendicular to the plane of the disc. 
M_L. of the cut out portion about an axis passing through 
O' and perpendicular to the plane of disc 


2 
= Lu x(4) 
2 3 


ML. (Z,) of the cut out portion about an axis passing 
through O and perpendicular to the plane of disc 


-pewe(Z) ae) 


[Using perpendicular axis theorem] 
.. The total MJ. of the system about an axis passing 
through O and perpendicular to the plane of the disc is 
I=1,+1 


2 2 
— Lou? - Lu x({4) +Mx(28) 
2 2 3 3 
_ 9MR* 9MR* _ (9-1)MR* 
- 2 18 2 


— 4MR2 


2 


1 
R R 


= oe a OEE 
Rot 


n+l 


R 2 
27 
Time period T = — 
w 


n+l 
Time period, T « R 2 


volumetric stress 
Bulk modulus, K = —————_ 


volumetric strain 
_ meg dV _ mg 


a(S) => V. Ka (1) 


V 


4 
volume of sphere , V = 7k 


dV 3dr . 
Fractional change in volume Vv = a ... (11) 


| oy 2dr _ mg 
Using eq. (1) & (11) _ = Ka 


or (fractional decrement in radius) 


In an adiabatic process 
TVY!=Constant or, T, V,"!=T,V,"! 


5 
For monoatomic gas Y¥ = 3 
T, = 300 
(3 00)Vv23 = T,(2v? a = ay NE 


T., = 189 K (final temperature) 


11. 


12. 


13. 


(1) 


(2) 


(1) 
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f 
Change in internal energy AU =n an AT 


_9{ 3 \( 25) yyy — 
-3\(2 | 111) =-2.7kJ 


Change in momentum 


2P ~ 
AP = —=J =Iy molecule 


/2 


2P « 
=> Iwai =-—=J 


(-. n=no.of particles) 


J2 x3.32x1072” x10? x1073 


2x10~4 
=2.35 x 10°N/m?2 
As we know, frequency in SHM 


l | k 
= — /—= 10! where m = mass of one atom 
2n Vm 


f 


108 
Mass of one atom of silver, = ( 6.02x1023 


ae I*__ 6 025107 ~109! 
27 V 108x107 


Solving we get, spring constant, K = 7.1N/m 


Y  |9.27x10'° 
In solids, Velocity of wave V = ,/— = ,/——_—_— 
p 2.7x10 


v=5.85 x 103 m/sec 
Since rod is clamped at middle fundamental wave shape 
is as follow 
, <a 
-——— 


—=L > A=2b 
2 


x10 kg 


M/2 
N= 1.2m(-. L=60cm= 0.6m (given) 


Using v= fa 
_v_ 5.85x10° 
mR 12 


=488 x 103 Hz ~ 5 KHz 


2018-6 


KQ 
14. (2) Potential outside the shell, Voutside = os 


where r is distance of point from the centre of shell 


Potential inside the shell, Vinside = ape 
where ‘R” is radius of the shell 
‘é 


ws 
is 


wx SUB 9, Be: 


VB 
Ip Ip I, 
1 o4na* o4nb* onc? 

Yo ee 

Aneg| b b c 

Oe ae 

VB = 28 ° re 

Eq b 


15. (1) Charge on Capacitor, Q =CV 


After inserting dielectric of dielectric constant = K 


Q,=(kC) V 
Induced charges on dielectric 
Qing = Qp —Q, = KCV-—CV 
=(K-l)CV= (3-1) «90pF» 2V =1.2nc 


16. (2) As we know, average power Fave =V__i 


rms rms 


Ce) eh (I foc 


— ue watt 


Pave Jd 


Wattless current I = I,,,, sin 8 


sO sgiG oY Geek 


J2 V2 
17. Q) T atu 
iL: 
Vv 20 p 
v—-13 
R Q 
Vv 10 0 


Using Kirchhoff’s law at P we get 
V-12 V-13 V-0 
——— + —__— + —— = 0 

| 2 10 


[Let potential at P Q, U=OandatR=V 


VV V = 12~«2413~—~=«*O—*# 
— +-— 4+ — = — + — + — 
1 2 10 1 2 #10 
10+5+1 24+13 
age 


v()-2 
10) 2 
yee iaesevol 


 16x2 «32 
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As we know, radius of circular path in magnetic field 


_v2Km 
qB 
2Km, 
For electron, i = (i) 
eB 
2Kmp 
For proton, rf, = (ii 
P p -B (il) 
For a particle, 
J2Km, ; /2K4m, 2Km, 7 
| eee 
‘i qoB 2eB eB (ul) 
<r =7_ ( -m,<m) 
_ Hol 
Magnetic field at the centre of loop, B, = on 


Dipole moment of circular loop ism =IA 
m,=IA=I.2R’ {R= Radius of the loop} 
If moment is doubled (keeping current constant) 


R becomes ./2R 
2 
M> = Ln(J2R] = 21nR? = 2m, 


i= Hol 
[0 
Hol 
. By _ 2R _ 2 
By _ Hol 
028) 
wo WoL 
Quality factor Q = re = ar 


| 


tne 


Velocity of EM wave is given by vy = 


ee 
Velocityin air= , 

C 
Velocity in medium = 5 


Here, p1, =, = | as medium is non-magnetic 
1 


tO 
Er, 2 

Axis of transmission of A & B are parallel. 
PolariserA __ Polariser B 


— 
I 1/2 1/2 


After introducing polariser C between A and B, 
Polariser A _— Polariser C Polariser B 


—> ; 
I 1/2 1/2Cos 0 1/2Cos‘@ 
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23. (1) 


24. (1) 


25. (4) 


26. (1) 


Dagens = segs 
2) 8 


=> 0 ae @ = 45° 


J2 


2r. 
Angular width of central maxima = rs 


. AxD 
: Fringe width, B = on 
d 50x10 _ 107° x50x107 
2 d' 2xd' 
Therefore, slit separation distance, d’ = 25um 


d 
Xr = — 
Or, > 


10°* = 


Wavelength of emitted photon from n" state to the 


1 ef 1 1 
ground state, Oinces (=| 


n 
ae | 
1 1 
[eee ese 
: mal =) 


Since n is very large, using binomial theorem 


B 
Ay ~ A+ i 
n 
hv; = i = FE) (1) 
hv, =E,, —Es (11) 
2 
n E, 5 25 
gas Ei 
Egn (1) / (11) hv, Es 
2 
eee ee 
VF 1 25 
For collision of neutron with deuterium: 
Vv V; V) 
> «e >> e> 
m 2m m 2m 
Applying conservation of momentum : 
mv+Q=mv,+2mv, i=... (1) 
Sa cs a (ii) 


; Collision is elastic, e= 1 
V 
From eqn (i) and egn (11) V1 = “5 


1 av? —_Lmy? g 
Py = 24 = =0.89 
~ mv? ? 
2 


a5 


28. 


29. 


30. 


(3) 


(3) 


(2) 


(3) 


Now, For collision of neutron with carbon nucleus 


Vv V, V; 
> > e¢ > 
m 12m m 12m 


Applying Conservation of momentum 


mv+0=mv,t l2mv, ....(iil) 
VV, =, ..{IV) 
From eqn (iii) and eqn (iv) 
1] 
Vi = = NV 
13 
ice eb. 
a. DORIS 48 
5 fae? 169 
Clearly from fig. given in question, Silicon diode is in 
forward bias. 
. Potential barrier across diode 
AV = 0.7 volts 
V-AV 3-0.7 233 
I= = —__ = ——_ = ]] 5mA 
Sele R 200 200 


Ifn =no. of channels 
10% of 10 GHz =n x 5 KHz 


Or, = x10x10" =nx5x10? => n=2~x 105 
Using formula, internal resistance, 


a = 
r=-|i 2 by 5 -(2 #0 5 =1.50 
40 


l 
R +R.=1000 R, R, = 1000 -R, 
= R,=1000-R, 
On balancing condition 
R,(100—/) =(1000—-R,)/ (1) -@ ~~ 199_7] 


On Interchanging resistance balance point shifts left 


by 10cm 

R,=1000 — R, R, 

(/— 10) (100 —/+ 10) 
=(110-/) 


On balancing condition 
(1000—-R,) 110—/J=R, ¢—-10) 
or, R, (/—10)=(1000—R,) (110-2) ...Gi) 
Dividing eqn (1) by (11) 
100-/_—ssiZ7 
I-10 110-1 
=> (100-)(110-/)=(1-10) 
=> 11000-100/-110/+F=FP-101 
=> 11000=200/ 
or, /=55 
Putting the value of ‘/’ in eqn (1) 
R, (100 —55) =(1000 —R,) 55 
=> R, (45)=(1000—R,)55 
=> R,(9)=(1000—-R,) 11 
=> 20R, = 11000 
R, =550KQ 


L8rve dd 
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SECTION - I 


This section contains 7 questions. Each question has 4 options 
(A), (B), (C) and (D). ONE or MORE THAN ONE ofthese four 
options is (are) correct. 


A flat plate is moving normal to its plane through a gas 

under the action of a constant force F. The gas is kept at a 

very low pressure. The speed of the plate v is much less 

than the average speed u of the gas molecules. 

Which of the following options is/are true? 

(A) The pressure difference between the leading and 
trailing faces of the plate is proportional to uv 

(B) The resistive force experienced by the plate is 
proportional to v 

(C) The plate will continue to move with constant non- 
zero acceleration, at all times 

(D) Ata later time the external force F balances the resistive 
force 

A block of mass M has a circular cut with a frictionless 

surface as shown. The block rests on the horizontal 

frictionless surface of a fixed table. Initially the right edge of 

the block is at x = 0, in a co-ordinate system fixed to the 

table. A point mass m is released from rest at the topmost 

point of the path as shown and it slides down. 

When the mass loses contact with the block, its position is 

x and the velocity is v. At that instant, which of the following 

options is/are correct? 


(B) The velocity of the point mass m is: v= 


(C) Thex component of displacement of the center of mass 


; mR 
of the block M is: -———— 
M+m 


m 
(D) The velocity of the block M is: V = vs 2gR 


A block M hangs vertically at the bottom end of a uniform 
rope of constant mass per unit length. The top end of the 
rope is attached to a fixed rigid support at O. A transverse 
wave pulse (Pulse 1) of wavelength A, is produced at point 
O on the rope. The pulse takes time T,, toreach point A. If 
the wave pulse of wavelength A, is produced at point A 
(Pulse 2) without disturbing the position of M it takes time 
T 4¢ to reach point O. Which of the following options is/are 
correct? 


—» Pulse 1 


— > Pulse 2 
A 


(A) ThetimeT,y)=Toa 

(B) The velocities of the two pulses (Pulse 1 and Pulse 2) 
are the same at the midpoint of rope 

(C) The wavelength of Pulse 1 becomes longer when it 
reaches point A 

(D) The velocity of any pulse along the rope is 
independent of its frequency and wavelength 

A human body has a surface area of approximately 1 m2. 

The normal body temperature is 10 K above the surrounding 

room temperature Tp. Take the room temperature to be 


Ty = 300K. For Ty = 300K, the value of oTj = 460 Wm 


(where o is the Stefan-Boltzmann constant). Which of the 

following options is/are correct? 

(A) The amount of energy radiated by the body in 1 second 
is close to 60 joules 

(B) If the surrounding temperature reduces by a small 
amount AT, << To, then to maintain the same body 
temperature the same (living) human being needs to 


radiate AW = 40Tg ATy more energy per unit time 


(C) Reducing the exposed surface area of the body (e.g. 
by curling up) allows humans to maintain the same 
body temperature while reducing the energy lost by 
radiation 


(D) Ifthe body temperature rises significantly then the 
peak in the spectrum of electromagnetic radiation 
emitted by the body would shift to longer wavelengths 

A circular insulated copper wire loop is twisted to form two 

loops of area A and 2A as shown in the figure. At the point 

of crossing the wires remain electrically insulated from each 

other. The entire loop lies in the plane (of the paper). A 


uniform magnetic field B points into the plane of the paper. 
Att=0, the loop starts rotating about the common diameter 
as axis with a constant angular velocity w in the magnetic 
field. Which of the following options is/are correct? 


x MR MR WR MR BR BR RNR KR KR XK X 
K Mm RK KX K KK MK KX K XK 


x MR RR WR R WR RNR NR RNR BR XK X 


(A) The emf induced in the loop is proportional to the sum 
of the areas of the two loops 

(B) Theamplitude of the maximum net emf induced due to 
both the loops is equal to the amplitude of maximum 
emf induced in the smaller loop alone 

(C) The net emf induced due to both the loops is 
proportional to cos at 

(D) The rate of change of the flux is maximum when the 
plane of the loops is perpendicular to plane of the 
paper 

In the circuit shown, L= 1 wH, C= 1 uF and R= 1 kQ. They 

are connected in series with an a.c. source V = Vj sin wt as 

shown. Which of the following options is/are correct? 


L=1pH C=IpF R=1kQ 


V> sin wt 


(A) The caren will be in phase with the voltage if = 10* 
rad.s” 

(B) The frequency at which the current will be in phase 
with the voltage is independent of R 

(C) At @ ~ 0 the current flowing through the circuit 
becomes nearly zero 

(D) Atw>>10°rad. s!, the circuit behaves like a capacitor 
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For an isosceles prism of angle A and refractive index u, it is 

found that the angle of minimum deviation 6,,=A. 

Which of the following options is/are correct? 

(A) For the angle of incidence 1, = A, the ray inside the 
prism is parallel to the base of the prism 

(B) For this prism, the refractive index p and the angle of 


prism A are related as A = > COs G 


(C) At minimum deviation, the incident angle i, and the 
refracting angle r, at the first refracting surface are 
related byr, = (i,/2) 

(D) For this prism, the emergent ray at the second surface 
will be tangential to the surface when the angle of 
incidence at the _ first surface is 


i, = sin”! in A, [4 cos” HI “cos 


SECTION - I 


This section contains 5 questions. The answer to each question 
isa SINGLE DIGIT INTEGER ranging from 0 to 9, both inclusive. 


8. 


10. 


A drop of liquid of radius R= 10-* m having surface tension 


0.1 7 
= re | divides itself into K identical drops. In this 
Tl 


process the total change in the surface energy AU = 1073 J. 
IfK = 10% then the value of o is 

An electron in a hydrogen atom undergoes a transition from 
an orbit with quantum number n, to another with quantum 
number n,. V; and V-are respectively the initial and final 


V. 
potential energies of the electron. If Ve = 6.25, then the 


smallest possible n¢ is 

A monochromatic light is travelling in a medium of refractive 
index n = 1.6. It enters a stack of glass layers from the bottom 
side at an angle @ = 30°. The interfaces of the glass layers 
are parallel to each other. The refractive indices of different 
glass layers are monotonically decreasing asn,=n—mAn, 
where n,, is the refractive index of the m' slab and An=0.1 
(see the figure). The ray is refracted out parallel to the 
interface between the (m — 1) and m" slabs from the right 
side of the stack. What is the value of m? 
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IZ; 


A stationary source emits sound of frequency f, = 492 Hz. 
The sound is reflected by a large car approaching the source 
with a speed of 2 ms~!. The reflected signal is received by 
the source and superposed with the original. 

What will be the beat frequency of the resulting signal in 
Hz? (Given that the speed of sound in air is 330 ms~! and 
the car reflects the sound at the frequency it has received). 
131] is an isotope of Iodine that B decays to an isotope of 


3 


labelled with !3!1 is injected into the blood of a person. The 
activity of the amount of !3!I injected was 2.4 x 10° Becquerel 
(Bq). It is known that the injected serum will get distributed 
uniformly in the blood stream in less than half an hour. After 
11.5 hours, 2.5 ml of blood is drawn from person's body, and 
gives an activity of 115 Bq. The total volume of blood in the 
personj;s body, in liters is approximately 

(you may use e* x 1 +x for |x|<<1andIn2 ~ 0.7). 


Xenon with a half-life of 8 days. A small amount ofa serum 


SECTION - III 


This section eontains 6 questions of MATCHING TYPE, contains two tables each having 3 columns and 4 rows. Based on each table, 
there are three questions. Each question has four options (A), (B), (C) and (D) ONLY ONE of these four options is correct. 


Answer (Qs. 13-15) : By appropriately matching the information given in the three columns of the following table. 


A charged particle (electron or proton) is introduced at the origin (x = 0, y= 0, z = 0) with a given initial velocity ee .A uniform 


electric field E anda uniform magnetic field B exist everywhere. The velocity v, electric field E and magnetic field B are given in 
columns 1, 2 and 3, respectively. The quantities Ep, By are positive in magnitude. 


Column 1 Column 2 Column 3 
E 
() Electron with v= 2k (1) E = Eoz (P) B =—Box 
0 
+ 7 Fo. a. ; = : 
(II)  Electronwith v = a (ui) E=—Egy (Q) B=Box 
0 
2 oe = i 
(1) Protonwith v =0 (iii) E = —Eox (R) B=Boy 
i Eo » 2 ? = n 
(IV) Proton with v= a (iv) E = Eox (S) B=Boz 
0 
13. In which case will the particle move in a straight line with constant velocity? 
(A) (i) (u)(®) (B) (V)@G) (C) (I) Gu) (P) (D) (I) )(S) 
14. In which case will the particle describe a helical path with axis along the positive z direction? 
(A) (V)@(G) (B) (Da@)R) (C) (I) Gu) (P) (D) (IV)@)(®) 
15. In which case would the particle move in a straight line along the negative direction of y-axis (i.e., move along—y )? 
(A) (iD) (1) (Q) (B) (HD (@)(®) (C) (IV) ()(S) (D) (iN) Gi) P) 


Answer (Qs. 16-18) : By appropriately matching the information given in the three columns of the following table. 

An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the corresponding P—V diagrams in 
column 3 of the table. Consider only the path from state 1 to state 2. W denotes the corresponding work done on the system. The 
equations and plots in the table have standard notations as used in thermodynamic processes. Here Y is the ratio of heat capacities at 
constant pressure and constant volume. The number of moles in the gas is n. 


Column 1 Column 2 Column 3 


| 
Q We 7 e242 MD (i) Isothermal (P) P l 2 
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(ID) W, 9 = —PV, ss PV, (il) Isochoric (Q) P 
l 
e. 
V 
P 
2 
(il) Wy _,2 =90 (1) Isobaric (R) 
V 
Pp 
l 
V> ae 
(IV) W,_,. =—nRT In 7, (iv) Adiabatic (S) ; 
l 
V 


16. Which of the following options is the only correct representation of a process in which AU = AQ — PAV? 


(A) (ID) @v)(R) (B) (Il) (1) (P) (C) (If) (a) (S) (D) (I) (1) ®) 
17. Which one of the following options is the correct combination? 
(A) (IV)(i)(S) (B) (ll) (4) (S) (C) (i) Gv) (P) (D) (i) Gv)(R) 


18. Which one of the following options correctly represents a thermodynamic process that is used as a correction in the determination 
of the speed of sound in an ideal gas? 


(A) ()G)Q) (B) (IV) (Qi) (R) (C) (il) Gv) (R) (D) ()Gv)Q) 
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SECTION - I 


This section contains 7 questions. Each question has 4 options 
(A), (B), (C) and (D). ONLY ONE of these four options is correct. 


Consider an expanding sphere of instantaneous radius R 
whose total mass remains constant. The expansion is such 
that the instantaneous density p remains uniform throughout 

| (1 dp) 
the volume. The rate of fractional change in density a dt y 


is constant. The velocity v of any point on the surface of 
the expanding sphere is proportional to 


(A) R (B) R 
© = (D) R® 


Consider regular polygons with number of sides n = 3, 4, 
5.... aS shown in the figure. The center of mass of all the 
polygons is at height h from the ground. They roll on a 
horizontal surface about the leading vertex without slipping 
and sliding as depicted. The maximum increase in height of 
the locus of the center of mass for each polygon is A. Then 
A depends on n and has 


(A) A= hsin? (=| ‘B) 


_ {20 2{ 7 
A=h 72) A= htan (=) 
(©) om n (D) 2n 
A photoelectric material having work—function 9p 1s 
he 
illuminated with light of wavelength i _ The 
fastest photoelectron has a de—Broglie wavelength A,. A 


change in wavelength of the incident light by AA result in a 
change AA, in A,. Then the ratio AA, ,/AA is proportional to 


(A) Aga (B) 12/22 


(CC) ag/a (D) 19/07 

A symmetric star shaped conducting wire loop is carrying a 
steady state current I as shown in the figure. The distance 
between the diametrically opposite vertices of the star is 4a. 
The magnitude of the magnetic field at the center of the 
loop is 


4a 
l l 

(A) 70, 61N3-I @) 2 6(v3+n 
l l 

© 33-1 (D) a 3l2-V3) 


Three vectors P,Q and R areshown in the figure. Let S be 
any point on the vector R . The distance between the points 
P and S is b| R |. The general relation among vectors P/Q 


and Sis 


(A) S=(1-b)P+bO 
(B) S=(b-1)P+bO 
(C) S§=(1-b*)P+bO 


(D) S=(1-b)P+b7Q 

A rocket is launched normal to the surface of the Earth, 
away from the Sun, along the line joining the Sun and the 
Earth. The Sun is 3 10° times heavier than the Earth and is 
at a distance 2.5 x 10* times larger than the radius of the 
Earth. The escape velocity from Earth's gravitational field is 
v.= 11.2kms7!. The minimum initial velocity (v,) required 


for the rocket to be able to leave the Sun—Earth system is 
closest to (Ignore the rotation and revolution of the Earth 
and the presence of any other planet) 

(A) v=22kms! (B) v=42kms! 

(C) v=62kms! (D) v=72kms! 

A person measures the depth of a well by measuring the 
time interval between dropping a stone and receiving the 
sound of impact with the bottom of the well. The error in his 
measurement of time is 5T = 0.01 seconds and he measures 
the depth of the well to be L = 20 meters. Take the 
acceleration due to gravity g = 10 ms“ and the velocity of 
sound is 300 ms~!. Then the fractional error in the 
measurement, 5L/L, is closest to 

(A) 0.2% (B) 1% 

(C) 3% (D) 5% 


SECTION - II 


This section contains 7 questions. Each question has 4 options 
(A), (B), (C) and (D). ONE or MORE THAN ONE of these four 
options is (are) correct. 


8. 


A uniform magnetic field B exists in the region between x = 0 


3R 
and x = > (region 2 in the figure) pointing normally into 


the plane of the paper. A particle with charge +Q and 
momentum p directed along x—axis enters region 2 from region 
1 at point P, (y = —-R). Which of the following option(s) 
is/are correct? 
Region 1 Y 


Region 2 Region 3 


B 


2 
(A) For B> eae , the particle will re-enter region 1 


(B) For B= ae , the particle will enter region 3 


through the point P., on x-axis 

(C) When the particle re-enters region 1 through the 
longest possible path in region 2, the magnitude of 
the change in its linear momentum between point P, 


and the farthest point from y-axis is p/ ./2 


10. 


11. 
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(D) For a fixed B, particles of same charge Q and same 
velocity v, the distance between the point P, and the 
point of re-entry into region | is inversely proportional 
to the mass of the particle 

The instantaneous voltages at three terminals marked X, Y 

and Z are given by 

V,= Vo sin at, 


Pa ee 
Vy = Vo sin | ® 3 and 


lee 
V7=Vosin @ 3 


An ideal voltmeter is configured to read rms value of the 
potential difference between its terminals. It is connected 
between points X and Y and then between Y and Z. The 
reading(s) of the voltmeter will be 


3 
(A) Vxy = Vo ip 


l 
(B) Wz = Vo 


© Vxyv =Vo 

(D) Independent of the choice of the two terminals 

A point charge +Q is placed just outside an imaginary 
hemispherical surface of radius R as shown in the figure. 
Which of the following statements is/are correct? 


@Q 


(A) The electric flux passing through the curved surface 


ne) 
of the hemisphere is 2, 2 
(B) Total flux through the curved and the flat surfaces is 
Q 


£0 
(C) Thecomponent ofthe electric field normal to the flat 
surface is constant over the surface 
(D) Thecircumference of the flat surface is an equipotential 
Two coherent monochromatic point sources S, and S, of 
wavelength A = 600 nm are placed symmetrically on either 
side of the centre of the circle as shown. The sources are 
separated by a distance d = 1.8 mm. This arrangement 
produces interference fringes visible as alternate bright and 
dark spots on the circumference of the circle. The angular 
separation between two consecutive bright spots is AO. 
Which of the following options is/are correct? 
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12. 


13. 


P 


VA 


(A) Adark spot will be formed at the point P, 

(B) AtP, the order of the fringe will be maximum 

(C) The total number of fringes produced between P, and 
P., in the first quadrant is close to 3000 

(D) The angular separation between two consecutive 
bright spots decreases as we move from P, to P. along 
the first quadrant 

A source of constant voltage V is connected to a resistance 

R and two ideal inductors L, and L, through a switch S as 

shown. There is no mutual inductance between the two 

inductors. The switch S is initially open. At t=0, the switch 

is closed and current begins to flow. Which of the following 

options is/are correct? 


(A) After a long time, the current through L, will be 
V iL, 
Ries 

(B) After a long time, the current through L, will be 
V 
Rais 

(C) The ratio of the currents through L, and L, is fixed at 
all times (t > 0) 


V 
(D) Att=0, the current through the resistance R is R 


Arigid uniform bar AB of length Lis slipping from its vertical 
position on a frictionless floor (as shown in the figure). 

At some instant of time, the angle made by the bar with the 
vertical is 8. Which of the following statements about its 
motion is/are correct? 


aN 
wy 14. 


7 


(A) The midpoint of the bar will fall vertically downward 

(B) The trajectory of the point A is a parabola 

(C) Instantaneous torque about the point in contact with 
the floor is proportional to sin® 

(D) When the bar makes an angle 0 with the vertical, the 
displacement of its midpoint from the initial position 
is proportional to (1 — cos@) 

A wheel of radius R and mass M is placed at the bottom of 

a fixed step of height R as shown in the figure. A constant 

force is continuously applied on the surface of the wheel so 

that it just climbs the step without slipping. Consider the 

torque t about an axis normal to the plane of the paper 

passing through the point Q. Which of the following options 

is/are correct? 


(A) Ifthe force is applied at point P tangentially then 
decreases continuously as the wheel climbs 

(B) Ifthe force is applied normal to the circumference at 
point X then t is constant 

(C) Ifthe force is applied normal to the circumference at 
point P then t is zero 

(D) Ifthe force is applied tangentially at point S then t 4 0 
but the wheel never climbs the step 


SECTION - III 


This section contains 2 paragraphs, each describing theory, 
experiments, data etc. four questions related to the two paragraphs 
with two questions on each paragraph. Each question has only 
one correct answer among the four given options (A), (B), (C) and 


(D). 


PARAGRAPH 1 
Consider a simple RC circuit as shown in Figure 1. 
Process 1: In the circuit the switch S is closed at t = 0 and the 
capacitor is fully charged to voltage V, (i.e., charging continues 
for time T >> RC). In the process some dissipation (E,) occurs 
across the resistance R. The amount of energy finally stored in 
the fully charged capacitor is Ec. 


V 
Process 2: In a different process the voltage is first set to a and 


maintained for a charging time T >> RC. Then the voltage is raised 
2Vo_ . ae 
to 37 without discharging the capacitor and again maintained 


for a time T >> RC. The process is repeated one more time by 


8 


raising the voltage to V, and the capacitor is charged to the same 
final voltage V, as in Process 1. 
These two processes are depicted in Figure 2. 


S 


Figure | 


Process | 


Figure 2 
15. In Process 1, the energy stored in the capacitor E, and heat 
dissipated across resistance E, are related by : 


(A) Eo=Ep (B) Eo=EpIn2 
1 
16. In Process 2, total energy dissipated across the resistance 
Ey is: 
D 


| 


1 
(A) Ep= 5CVo (B) E=3[ 58) 


a eee 
© Ep 3 50%8 | (D) Ep= 3CVZ 
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One twirls a circular ring (of mass M and radius R) near the tip of 
one's finger as shown in Figure 1. In the process the finger never 
loses contact with the inner rim of the ring. The finger traces out 
the surface of a cone, shown by the dotted line. The radius of the 
path traced out by the point where the ring and the finger is in 
contact is r. The finger rotates with an angular velocity wp). The 
rotating ring rolls without slipping on the outside of a smaller 
circle described by the point where the ring and the finger is in 
contact (Figure 2). The coefficient of friction between the ring and 
the finger is pp and the acceleration due to gravity is g. 


2 


Figure 2 


as=man, 
te . 


Figure | 


17. The total kinetic energy of the ring is 


l 

(A) MagR? (B) = Ma (Rr) 

2 2 Serre 2 
() Map(R-1) (D) {Moo (R—-r) 

18. The minimum value of @, below which the ring will drop 

down is 

g 2g 
A 
 YuR= ©) VaR- 


3g g 
© 2u(R=1) ©) yonR—p 


GP_3481 


PHYSICS 


SOLUTIONS 


Paper = | 


1. (A,B,D) 
Flat plate Flat plate 
+ — Vv y 
<_ —-> 
> <e <e ad 
u u V) V> 


Before collision Just after collision 
1 = Vy} =—/ 1 - vt+ La) 
v+u u—v 
Vp =ut2yv Vy =u—2v 
J. Av, =2u+2v and Av, = 2u—2v 


Now Fj = “ = pA(u+v)(2u+ 2v) 


and fF, = P = pA(u- v)(2u- 2 v) 


“F,=2pA(u+v) and Fy =2pA(u—v)? 


F, 


AF 
p AF=h-Fy =8pduv ». P=——=8puv 
A 


The net force F 


net = —-AF =ma 
.. F-—8pAuv = ma 

2. (B,C) Let the block be displaced by x. Ifinitially the centre 
of mass of the system is at origin then 


_— Mxx+m(x+R) 
7 M+tm 

0- = —mR 
= Mx+mx+mR_ .-. nae 


.. 'C'is the correct option 

If v is the velocity of mass 'm’ as it leaves the block 
and V is the velocity of block at that instant then 
according to conservation of linear momentum 

mv =MV 

By energy conservation 


1 l 
mgR= =m +>MV" 


a. 


—F 


.. (B) is the correct option. 


Vv 1 /T 
(A,D) We know that aatat |e 


Where T = tension of string. 
HereT,>T, ..A,>A, so option (C) is wrong. 
Velocity being a vector quantity has direction. The 
velocities of the two pulses cannot be same at 
midpoint. 
Tay = Toa because speed (or velocity) of wave 
depends on mediums (and not on the wavelength or 
frequency of wave) 
(A), (D) are the correct options 
(C) 

Energy radiated = oA(T* — ie )t 

[For a black body e= 1] 


=OA[(Ty +10)* — Ty‘ Ir 


4 
_cAT,' (+2) -1} 
0 


_ OAT; FP per = detest =61.33J 
Tp 300 


P= ease ete oAT* —oATy' 
time 
dp |_ 3 
lan CAAT) ) ». |dp| = GA(4Ty?) aT 
“. |AP| = 40ATp° 
A, B are not correct options as human body is not a 
black body. 
Energy radiated « A where A is the surface area of 
the body 


.. 'C'is the correct option 
(B,D) For smaller loop o= BA cos ot 
The rate of change of flux 
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dd 


dt = —BAwsinot 


d 
For “ to be maximum, sin wt should be maximum 


and this will happen when wt = 90° 1.e., the plane of 
loop is perpendicular to the plane of paper. 
Option (D) is correct. Emergent ray tangential 
The emf produced will oppose each other. The net to the surface 
emf will also be proportional to sin ot. 
Cnet = B(2A)wsin ot —- BA® sin wt = BA® sin ot 
.. option (B) is also correct. 

6. (B,C) The angular frequency at which the current and jee ( 1 

- A =A-sin | — 


But r, +r, =A 
oe Ty =A-TI, 


voltage will be at same phase is 


UW 
l I 6 - Applying Snell's law at 'P' t 
ee = ~10° rad s pplying Snell's law at 'P’ we ge 
" JELC (10°x10-°)! se 
1 a - —] 
This value is independent of ‘R’ So (B) is correct w= siny, 2 4 = Sin c sin( A — sin 5 


option. ; 
(D) is correct option. 


V For minimum deviation PQ || BC 


At m0, th ent =| ———————— 
w@ + Q, the current J 1 . (A) is also a correct option. 
R? +(@L -—y 
ac 8 (6) AU =S[kx4nr? —4nR?7] 


i= 0 (The circuit behaves as d.c circuit) 4 4 
.. Cis a correct option where — nR? =kx <n | 
If @ >> Wp, circuit behaves as an inductor. Y¥ ° ? 
7.  (A,C,D) 0. R=K3r 

For minimum deviation (when i, = A) : 
i) =e - AUZ tn] Br? | = ansee[e? 1 

y k 
I) =I) =r (say)= > 

° + AU= 4nSR710% -1] 
A 
LN * 103= 4nx =x (107) Lio*3 -1] 
T 


“10? =10% -1 


OL 
Neglecting 1 we get 107= 10%. a Do et ee 


6,, = 24 —A, 2 
. . 9, (5) Here po ei ae 6.25 -. "f 95 
Here 6, =A -. 1,=A en U ne Nn; 
a Ifn,=2 then ng=5 
15 10. (8) Heren x sin30°=[n—m 0.1] sin 90° 
option (C) is correct “. 1.8 sin30°=1.8-—mx0.1 2. m=8 


332 


sini, _ sin A 11. (6) Frequency perceived by reflector = f, = 492 ES 


sin j sin A/2 


Frequency perceived by the source f, 


_ 2sin A/2cosA/2 
sin A/2 a ~ 492 Ee | — 498Hz 
Applying Snell's law at Q 330} L328 


5in 90° \ , . Beat frequency = 498 — 492 = 6Hz 
“= = — => rn =sin! +] 12. (5) A=Age* ». Ap=AeM=115 (1 +At) 
sin fy) sin i) LL 
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In? The force due to magnetic field F,, will provide the 

“ Ay= 115 [ 4+" x11. | necessary centripetal force for circular motion which 

h/2 will be in X-Y plane. The force due to electric field 

will accelerate proton in Z-direction. Thus the path 
will be helical with increasing pitch. 


=115|1+ ue <115| 
8x24 


15. (B) 
Ay + 120Bq 


120 Bq activity level is in 2.5 ml 
2.4 x 10° Bq activity level will be in 


2.5x2.4x10° 
——————_ m 
120 


l 


5 
2.5x2.4x10 1 =5) 
120x1000 B- 
13. () _ Forthe particle to move in straight line , electric force 
should be equal and opposite to the magnetic force. 
(D) is the correct option. 


The electric field will apply a force on —Y axis thereby 


Fg =—eE = —e(—Epx) = Ex accelerating the charge along —Y axis. 
; : E Fp = qv B sin 0 
Fp = q(vx B)= | yx me Here 0 = 180° therefore , F, =0 

Bo 16. () AU=AQ-—PAV 


2 : show that work done = PAV 

Fp = —ebx which is the formula for isobaric process. 

17. (B) ~Workdone in isochoric process is zero for which we 
get a vertical line in P-V graph. 

18. (D) Laplace's correction of the speed of sound in ideal 
gas is related to adiabatic process. 


14. (A) 


12 


Paper = 2 


1. (A) we heetnt 
dt 


AnR> d m 
; el AL = constant 
3m dt) 4,3 


3 


eS 


(R~) =constant 


_4. AR 
- R°(-3R ar = constant 


dR 
dt 


o R 


5. (A) 


Tt 
cos — = — 
In AOAB 7 OB 


(B) 


Differentiating on both sides 


—_ 2 — 
| ee oa ead 
r 2m. \ rg 7. (B) 


3 
ag a 
dx 12 
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O 
cos 60° = —— 


In AOAC OA 


“, OC= 
The magnetic field at 'O' due to 


ies 
2 


AB= £2 JT 60am 30°] 
tT a 
Mot] 31). vol Hol = (3 1) 
4naL2 2 


The total magnetic san i: to a the straight segments 
of the star is 


-|4ot,2 Lene »} 12=F0 = x 6(./3 -1) 
Se s =P 

Here P+pbR=S La 

Also R=O-P 
SP = dee ad 
OP ve S-P=b0-bP 
S =bO+(1-b)P 


_GM,m_GM,mx3x10° _ 


—mV, i 
2 R, 2.5x10'R, 
V2 GM, hi. 3x10° | 
2 RR 2.5x104 
2GM 
V, = 3 2 «| = xt1.2 =a 
e 
ie é 
Ta, 
4 V 
with error limits 


2L+oL)  L+ob 
T+6T= ge = 
24 a i 4 
— | 1+— | +—| 1+— 
g L Vv L 
2h (14 |e H(i) 
. T+86T= 2 1 : L 
2L = ,£ LoL 


2L Z 
_ T+8T= at oe 
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= 2 2 
here) ee oe Also CP; = (CO? +OP, 
g 2L vl 
- ay of] 
6£/1 /22 L =f —— —_ 
Spe | Se 8 2 
L\|2Ve Vv 
ee 13R 
Substituting 5T = 0.015, L=20m, g=10ms~%, CP, = — 
v=300 ms"! 
We get 
ol 45 
CL 1600 
9 2100 = —100= 2% 21% p 
L 1600 16 


8. (A,B) For the charge +Q to return region 1, the radius of 


3R 
the circular path taken by charge should by > 


mv _ 2p - OB D 
(3R/ 2) ~ 3R 
__2P 
3QR Thus the particle will enter region 3 through the point P, on 
@) p X-axis 
i.e., B should be equal or greater than 2OR 'B' is the correct option. 


'A' is the correct option. Change in momentum = /2 p 


Thus 'C' is incorrect 


When B= OE mv" mv 
13QR Further ——=qvB .. ' = aBo rem 
r q 
mv" _ 8p — _13R .. 'D' is incorrect. 
r 130R a: ces 
Thus 'C' is the of the centre of circular path ofradius 9.  (A,D) The potential difference between X and Y is 
Vey =Vx Vy 
13R 
—g) Vyy = (Vyy )o sin(at + 81) 
oe ee eee B 
where (Vyy )o =,/¥o° +¥q° -2Y% ge = V3Vp 


_ Vyy)o _ 


[3 
V = —V, 
and ( pms 2 4 0 


(A) is the correct option 
Now the potential difference between Y and Z is 


Vyz =Vy -Vz 


Vyz =(Vyz )o Sin(wt + 85) 


27 
Where (Vyz )o = Yo BE Vo? —2V," eet ge = V3M% 


and Vyz )rms = —_ = x 


Thus (D) is the correct option. 


14 


10. 


11. 


(A, D) 


(B,C) 


E 


Ecos 0 


The circumference of the flat surface is an 
equipotential because the distance of each point on 
the circumference is equal from + Q 

(D) is the correct option. 

The component of electric field normal to the flat 
surface is Ecos@. 

Here E as well as 8 changes for different point on the 
flat surface. Therefore (C) is incorrect. 

The total flux through the curved and flat surface 


Q 
should be less than & . Therefore (B) is incorrect. 


The solid angle subtended by the flat surface at 


p=2x{1-—5 


.. Flux passing through curved surface 


(A) is the correct option. 


Path difference at P., is 
p=S,P,—-S,P,=d=1.8mm= 1.8 x 10m 

= 3000 x 600 x 10-9 m 

p=3000A. 

As the path difference is an integral multiple of A, P, 
should be a bright fringe with 300th maxima. (A) is 
incorrect. 

Further at P,, path difference = 0. Therefore a bright 
fringe will be present at P, also. Therefore total 
number of fringes between P, and P, is 3000. (C) isa 
correct option. 

Obviously at P, the order of the fringe will be 
maximum. Thus (B) is a correct option. 
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Now path difference 
p=dcos 8@=nA (for bright fringe) 
- cos@= dad 
d 


- —sin@ A@= (An)= 


__ Anh 

dsin®@ 
As we move from p, top, 0 decreases and therefore 
A@ increases. Therefore (D) is incorrect. 


or A8 = 


(A, B, C) 


After a long time the current through the resistor is 
constant I will divide into two parts L, and L, which 
are in parallel 
- TL, =LL, 


V| Ly 
Further 41 = R 


L+L 


Vi 
and b= Al i 


Also the ratio of currents through L, and L, is fixed 
at all times Att=0, 7 =~0 

(A, C, D) 

As F, =0, a, =0. Therefore the force acting in vertical 
direction will move the mid point of the bar fall 
vertically downwards. (A) is correct option. 


When the bar makes an angle 8 with the vertical, the 
displacement of its mid point from the initial position 


i aeereny: 
1S 79 


(D) is a correct option. 
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Instantaneous torque about the point of contact P is 
oa 
T=mex a sin 8 


(C) is a correct option. 


Le: 
Now er , y=Lsin(90-9)= Lcos® 


2 2 2 2 
2x 4 Ax” y 

ae (2. + “aes, => l Or = a = l 
( L (2 PP 


This is equation of ellipse. Therefore B is incorrect 

Ifthe force is applied at P tangential than the I remains 
constant and is equal to F x 2R where F is the applied 
force. 

If force is applied normal to X, then as the wheels 
climbs, then the perpendicular distance of force from 
Q will go on changing initially the perpendicular is 
Qyp later it becomes QM". 


Ifthe force is applied normal to the circumference at 
point P then I is zero. So (C) is correct. 

If the force is applied tangentially at point S then 
t-FxR andthe wheel will climb. 


15 
Work done by battery = q x V 


“. W=CV,* V,=CV," 
| 
Energy stored in the battery = 5CVo 


.. Energy dissipated 
er ae ere) 
= Es 2-~—CV,) =—CV, 
“ Eo=Ep 
Let V, and V-be the initial and final voltage in each 
process. Then 
Energy dissipated = Woattery ~ 4U 


] 
= C(Ve —V;) Ve ere -Vv,) 


1 
= 5 C(Ve - Vi)" 


.. Total heat dissipated 


2 2 Z 
contd (a 1) 0-8" 
2 3 3 3 3 


I 
= ECV, 


R-r 
Here @)(R-r)=OR .. o=0,( R 


Now total kinetic energy of the ring (Kinetic rotational 
+ kinetic translational) 


1 
K Ejotal = 5 (2MR° )o* = Ma" (R-r)’ 


UM Onin (R-1) = Mg 


Omin = 
V uW(R =r) 


Lgrve dd 
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A particle is executing simple harmonic motion with a time 
period T. At time t = 0, it is at its position of equilibrium. The 
kinetic energy-time graph of the particle will look like: 


(1) 


KE KE 
(3) Oo} 1/2 T Tt (4) 0 T t=> 


The temperature of an open room of volume 30 m*° increases 
from 17°C to 27°C due to sunshine. The atmospheric pressure 
in the room remains | x 10° Pa. Ifn, and n, are the number of 
molecules in the room before and after heating, then n—n, will 
be: 


(1) 25x10%> (2) 
23 


-25x107> 


3) _161x10 4) 138x107? 


Which of the following statements is false ? 

(1) A rheostat can be used as a potential divider 

(2) Kirchhoff's second law represents energy conservation 

(3) Wheatstone bridge is the most sensitive when all the 
four resistances are of the same order of magnitude 

(4) Ina balanced wheatstone bridge if the cell and the 
galvanometer are exchanged, the null point is 
disturbed. 

The following observations were taken for determining 

surface tensiton T of water by capillary method : 

Diameter of capilary, D= 1.25 x 10? m 

rise of water, h= 1.45 x 107m 

Using g = 9.80 m/s’ and the simplified relation 


h 
T= as 10° N/m, the possible error in surface tension is 
closest to : 
(1) 2.4% (2) 10% 
(3) 015% (4) 15% 


In amplitude modulation, sinusoidal carrier frequency used 
is denoted by w, and the signal frequency is denoted by o,, . 


The bandwidth ( Aw,, ) of the signal is such that Ao, <@,. 


Which of the following frequencies is not contained in the 
modulated wave ? 


(1) o, +0, (2) ©, —-@,, 


G3) ,, (4) o, 

A diverging lens with magnitude of focal length 25 cm is 
placed at a distance of 15 cm from a converging lens of 
magnitude of focal length 20 cm. A beam of parallel light 
falls on the diverging lens. The final image formed 1s : 

(1) real and at a distance of 40 cm from the divergent lens 


10. 


11. 


12. 


(2) realand ata distance of 6 cm from the convergent lens 

(3) real and ata distance of 40 cm from convergent lens 

(4) oo and at a distance of 40 cm from convergent 
ens. 

The moment of inertia of a uniform cylinder of length @ and 

radius R about its perpendicular bisector is I. What is the 

ratio £/R such that the moment of inertia is minimum ? 


3 
(1) 1 QF 
3 V3 


(3) (4) 


An electron beam is accelerated by a potential difference V 


to hit a metallic target to produce X-rays. It produces 
continuous as well as characteristic X-rays If /,,.,1s the 


smallest possible wavelength of X-ray in the spectrum, the 
variation of log 4,,,, with log V is correctly represented in : 


10g Aria log Annin 
(1) (2) 
log V log V 
log Arvin log Arnsin 
(3) (4) 
log V log V 


A radioactive nucleus A with a half life T, decays into a 
nucleus B. At t= 0, there is no nucleus B. At sometime t, the 
ratio of the number of B to that of A is 0.3. Then, t is given by 


T 


(1) t=T log (1.3) Q) '=ieaq3) 
log2 T log1.3 

@) t=T— (4) t=7T—= 
log1.3 log 2 


An electric dipole has a fixed dipole moment Dp , which makes 
angle @ with respect to x-axis. When subjected to an electric 


field E, =Ej , it experiences a torque T, =i . When 
subjected to another electric field E, =./3E,j it 


experiences torque ibe 7 -T. . The angle @ is: 

(1) 60° (2) 90° 

(3) 30° (4) 45° 

In a common emitter amplifier circuit using an n-p-n 


transistor, the phase difference between the input and the 
output voltages will be : 


(1) 135° (2) 180° 

(3) 45° (4) 90° 

C, and C, are specific heats at constant pressure and 
constant volume respectively. It is observed that 

C, —C, =a for hydrogen gas 

C, —C,=b for nitrogen gas 

The correct relation between a and bis: 

(1) a=14b (2) a=28b 


3) a=—b 


a (4) a=b 
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13. 


14. 


15. 


16. 


17. 


18. 


A copper ball of mass 100 gm is ata temperature T. Itis 19, 


dropped in a copper calorimeter of mass 100 gm, filled with 
170 gm of water at room temperature. Subsequently, the 
temperature of the system is found to be 75°C. T is given by 
(Given : room temperature = 30° C, specific heat of copper = 
0.1 cal/gm°C 

(1) 1250°C (2) 825°C 

(3) 800°C (4) 885°C 

A body of mass m = 10 kg is moving in a medium and 
experiences a frictional force F =—kv’. Its intial speed is v, 


| 
= 10 ms"! If, after 10 s, its energy is ruc) , the value of k 


will be: 
(1) 10¢kgm! 2) 10'kgm's! 

3) 10°kgmr! (4) 103%kgs! 

When a current of 5 mA 1s passed through a galvanometer 
having a coil of resistance 15 Q, it shows full scale 
deflection. The value of the resistance to be put in series 
with the galvanometer to convert it into to voltmeter ofrange 
0-10 Vis 

(1) 2.535x10°O 


3) 1.985x10°Q (4) 2.045x10°Q 

A slender uniform rod of mass M and length ¢ 1s pivoted at 
one end so that it can rotate in a vertical plane (see figure). 
There is negligible friction at the pivot. The free end is held 


vertically above the pivot and then released. The angular 22. 


acceleration of the rod when it makes an angle @ with the 
vertical is 


Z 


0 
x 
(1) = cos6 (2) = cos6 
(3) = sind (4) =E sino 


Some energy levels of a molecule are shown in the figure. 
The ratio of the wavelengths r= /, /A,, is given by 


23, 


—E 

4 

——FE= 

3 

—2E 

—3E 
I — Z ros 
(Dees QO). P= a 

4 2 

=_— r=— 
ea OF 


A man grows into a giant such that his linear dimensions 
increase by a factor of 9. Assuming that his density remains 
same, the stress in the leg will change by a factor of 


1 
(I) 8 aera 
l 
G) 9 4) 5 


20. 


(2) 4.005x10°?Q 21. 
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In a coil of resistance 100Q, a current is induced by 
changing the magnetic flux through it as shown in the figure. 
The magnitude of change in flux through the coil is 


10 


Current 
(amp. ) 


— Time 
(1) 250 Wb (2) 275Wb 
(3) 200Wb (4) 225 Wb 


In a Young's double slit experiment, slits are separated by 
0.5 mm, and the screen is placed 150 cm away. A beam of 
light consisting of two wavelengths, 650 nm and 520 nm, is 
used to obtain interference fringes on the screen. The least 
distance from the common central maximum to the point 
where the bright fringes due to both the wavelengths 
coincide is : 

(1) 975mm (2) 15.6mm 

(3) 156mm (4) 7.8mm 

A magnetic needle of magnetic moment 6.7 x 10-* Am? and 
moment of inertia 7.5 x 10-° kg m? is performing simple 
harmonic oscillations in a magnetic field of 0.01 T. Time 
taken for 10 complete oscillations is : 

(1) 698s (2) 8.76s 

(3) 6.65s (4) 8.89s 

The variation of acceleration due to gravity g with distance 
d from centre of the earth is best represented by (R = Earth's 
radius): 


2V «2 2V 
10) 1Q 10 
2V 2V 2V 
In the above circuit the current in each resistance is 
(1) O5A (2) OA 
(3) 1A (4) 025A 


A particle A of mass m and initial velocity v collides with a 


m 
particle B of mass > which is at rest. The collision is head 


on, and elastic. The ratio of the de-Broglie wavelengths 
A, to A, after the collision is 

hy. 2 ; A, 1 
1 — = — —_— = 
a 3 ao 
1 Lo) 
3 Ay 


3) 47 (4) 
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25. 


26. 


Zi, 


28. 


An external pressure P is applied on a cube at 0°C so that it 
is equally compressed from all sides. K is the bulk modulus 
of the material of the cube and a is its coefficient of linear 
expansion. Suppose we want to bring the cube to its original 
size by heating. The temperature should be raised by : 


3a 
(1) PR (2) 3PKa 
—— Po 
(3) 3aKk (4) ak 


A time dependent force F = 6t acts on a particle of mass | kg. 
If the particle starts from rest, the work done by the force 
during the first 1 secand will be 


(1) 9J (2) 18J 

(3) 45J (4) 22) 

An observer is moving with half the speed of light towards 
a stationary microwave source emitting waves at frequency 
10 GHz. What is the frequency of the microwave measured 
by the observer? (speed of light = 3 x 108 ms!) 

(1) 17.3GHz (2) 15.3GHz 

(3) 10.1GHz (4) 12.1GHz 

In the given circuit diagram when the current reaches steady 


state in the circuit, the charge on the capacitor of capacitance 
Cwill be: 


29. 


30. 


2017-3 
h i 
(1) ae (r+1,) (2) oe (+1) 
h 
(3) CE OG 


A capacitance of 2F is required in an electrical circuit 
across a potential difference of 1.0 kV. A large number of 
uF capacitors are available which can withstand a potential 
difference of not more than 300 V. The minimum number of 
capacitors required to achieve this is 

(1) 24 (2) 32 

(3) 2 (4) 16 

A body is thrown vertically upwards. Which one of the 
following graphs correctly represent the velocity vs time? 
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SOLUTIONS 


1. (2) Foraparticle executing SHM 
At mean position; :=0, wt=0,y=0,V=V_ =am 
K.E.=KE er: 
B. = KE ge mora 
z 


T 
At extreme position : t= re ot = 5 


K.E.=KE,,,,=0 


=A, V=V,,,=0 


l 
Kinetic energy in SHM, KE = 5 mo"(a*— y") 


ae moya?cos? wt 

Hence graph (2) correctly depicts kinetic energy time graph. 
2. (2) Given: Temperature 7,= 17+ 273 =290K 

Temperature i 27+ 273 =300K 

Atmospheric pressure, P, = 1 x 10° Pa 

Volume of room, Vy = 30 m? 


Difference in number of molecules, Ny- Nea 


The number of molecules 
PV 
N=— 
PVyf1 1) 
N,=—N.=—— | —=—} 1 N 
f “i R 7 rT] : 
5 
= aaa 6.023 x10” (ss -s55) 
8.314 300 290 
=—25x10* 


3. (4) There is no change in null point, if the cell and the 
galvanometer are exchanged in a balanced wheatstone 
bridge. 


After exchange 


R, 


2 


h 
(4) Surface tension, T = ~. x 10° 


. , A Ar Ah 
Relative error in surface tension, es + > +0 


(-.. g, 2 and 10? are constant) 
Percentage error 


AT (102 x0.01 107 x0.01) 
x — = oa 7 
Lr 25x10 1.45 x10 

= (0.8 + 0.689) 
= (1.489) = 1.489% = 1.5% 


(3) Modulated carrier wave contains frequency w, 
w,=W,, 


100 


and 


(3) Asparallel beam incident on diverging lens will form 
image at focus. 


v=—25cm 


f=-25 cm f=20cm 
The image formed by diverging lens is used as an object for 
converging lens, 
So for converging lens u=—25-15=—-40cm, f=20cm 


Final image formed by converging lens 
1 1 | 


V-40 20 
or, V=40cm from converging lens real and inverted. 


(3) As we know, moment of inertia ofa solid cylinder about 
an axis which is perpendicular bisector 


mR? ml? 
= —— + — 
4 12 


GP_3481 


PHYSICS 2017-5 


Let V= Volume of cylinder = 2R2/ From eqns. (i) and (ii) 
ml Vv P di m( Vv. 2 pE sind = 3 pE cos0 
=—|—+>| > ==-|1377/=0 
4inl 3 dl Atnil* 3 tand= /3 .. 0=60° 
Vo tk 11. (2) Incommon emitter configuration for n-p-n transistor 
eye ae a Ee 3 input and output signals are 180° out of phase i.e., phase 
difference between output and input voltage is 180°. 
3 2 
nR?] = ani => a = : or, <= if 12. (1) Aswe know, C, — C, = R where C, and C,, are molar 
: ‘ specific heat capacities 
8. (3) In X-ray tube, 1,3, = a R 
e or, C ae C= Ww 
In Amin = Jn (*) —InV R 
e For hydrogen (M = 2) C, aC =a= 5 
Clearly, log 4,_.,, versus log V graph ; 
slope is negative hence option (3) correctly depicts. For nitrogen (M = 28) C, -C,=6= 38 
9. (4) Let initially there are total Nj number of nuclei 
a 
N . - ==14 or, a=14b 
Attimet a = 0.3(given) b 
7 13. (4) According toprinciple of calorimetry, 
=> N,=03N, Heat lost = Heat gain 
Ny =NytNg=N,+0.3N, 100 x 0.1(—75) = 100 x 0.1 x 45 +170 x 1 x 45 
N 10—750=450 + 7650 
0 
Na= 73 10= 1200+ 7650 = 8850 
1.3 
As we know N,=N,e™ T= 885°C 


14. (1) Let Vis the final speed of the body. 


or, DO, Nje™ 
1.3 From questions, 
1 ee a ee ; 
7 =e™ => In(1.3)=At =mV;- =—mVy => Vp,=—=5mils 
1.3 p) 8 
In(1.3) In(l.3) _ !n(1.3) (=) 2 dV 

or, t <a ae () > In(2) Pp (10“) 7 KV: 

L SV 10 
10. (1) T=PE sin®@ Torque experienced by the dipole in an | —, =—100K | at 

electric field, T=PxE io! 0 

oy: 4 : ° ] l 

P=pcos0 i + psin0 / a or, K=104kgm"! 

E\ = Ei 15. (3) Given: Current through the galvanometer, 

a a i n B a 3 

T, = px Ei =(pcos@i +psin0j)xE(/) ig=5* 10° A 


Galvanometer resistance, G= 15 Q 


tk =pE sin (-* ) ma) Let resistance R to be put in series with the galvanometer to 
= & : convert it into a voltmeter. 

ko = 3 EJ V=i,(R+G) 

T2 = pcos@i + psin®) x V3 Ej 10=5 x 103 (R+ 15) 


R= 2000-15 =1985 


tk = V3 pE, cos0k ._ii) = 1.985 x 107.0 
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16. 


17. 


18. 


19. 


(3) Torque at angle 0 


t= Mg sin8 


Also t=la 


la = Mg sind 


2 Mr? 
saa = Mg sind : Lod = a 


3 3 
Ja __ sin® op = 38 Sin® 
=> — & a . = 
; , he 
(2) Fromenergy level diagram, using AE = - 
he 
For wavelength 2, AE =— E—(-2E) = e 
1 
h 
My = uli 
E 
4E\ he 
For wavelength 2, AE =— E-— | -——| =—— 
3 A> 
he A l 


(3) As linear dimension increases by a factor of 9 


3 
f_93 

Vi 

Density remains same 
So, mass oc Volume 


Ar 
Mr ea 

orce (mass) x 
Stress (o) = fare = a 


area area 
oc, (m\l 4) 9 
3 Lm JA) 
(1) According to Faraday's law of electromagnetic 


: do 
induction, €&=— 

at 
Also, €=i1R 


-p _ ao 
are = | do = RI iat 
Magnitude of change in flux (do) = R x area under current vs 
time graph 


or m 


or, dip= 10x — x10 = 250 Wb 


20. 


21. 


22. 


2a: 


24. 
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(4) Forcommon maxima, 1,A,=n,A, 


m hy _ 520x107" 4 


650x107 5 


Ny 7 dy 
For i, 


D 
ys 650i 


— 4x650x10? x 1.5 


0.5107 
(3) Given: Magnetic moment, M=6.7 x 10° Am? 
Magnetic field, B=0.01 T 
Moment of inertia, /=7.5 x 10° Kgm? 


Using, T = 2n, ee 
MB 


6 
pg hg 9 055 


6.7x107x0.01 10 
Time taken for 10 complete oscillations 
t= 107=2n~x 1.06 
= 6.6568 ~ 6.65s 
(2) Variation of acceleration due to gravity, g with distance 
'd' from centre of the earth 


or, y=7.8mn 


Gm 

If a ae i.e., g oc d (straight line) 
Gm 

If d=R,g. Re 
Gm l 

If d>R,g=—T 1€.,8 7 


(2) The potential difference in each loop is zero. 
No current will flow or current in each resistance is 
Zero. 


(4) From question, m,=M;m,= 


N |S 


u,=V u,=0 

Let after collision velocity of A = V, and 
velocity of B= V, 

Applying law of conservation of momentum, 


m 
mu =Mv, + (= Vo 
or, 24= 2v, + Vv, ...() 
By law of collision 
vy —V 
u—O 
Or, U=V,—V, 


e= 


....(ii) 
[- collision is elastic, e= 1] 
using eqns (i) and (ii) 


4 4 


de-Broglie wavelength 1 = io 
Pp 
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25. (3) As weknow, Bulk modulus 


AP AY _P 
(4) ~ VK 
V 
J=3Q 
V=Vi(1+yAd) 
ae 
Vo 
P P P 
—=yAt > At=—> =>, 
K YK 3ak 


dV 
26. (3) Using, F=ma= aera 


pees [- 


di m= 1 kg given| 


t=1 sec given] 
From work-energy theorem, 


_ i 2 .2\ 1 _ 
W=AKE= 5 m(V = J=pxlx9=45J 


27. (1) Use relativistic doppler's effect as velocity of observer 


is not small as compared to light 


+ 
f=fo y ; = ; V=relative speed of approach 


f,=10GHz 


28. 


29. 


30. 
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(1) In steady state, flow fo current through capacitor will 
be zero. 
Current through the circuit, 


E 
r+ 


i= 


Potential difference through capacitor 


aa ae a }r 
r+h 
OQ = CE—2— 
r+ 


(2) To get a capacitance of 2 WF arrangement of capacitors 
of capacitance 1 LF as shown in figure 8 capacitors of 1 wF in 
parallel with four such branches in series 1.e., 32 such 
capacitors are required. 


1000 V 
SUF SUF 8UF 8LF 


<- <> <— O<— 
250V 250V 250V 250V 
1000 V 


ee ere 
8988 Cog 2 we 


(1) For a body thrown vertically upwards acceleration 
remains constant (a =— g) and velocity at anytime fis given 
by V=u-et 

During rise velocity decreases linearly and during fall 
velocity increases linearly and direction is opposite to each 
other. 

Hence graph (1) correctly depicts velocity versus time. 
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C 


Units and Measurements 


Planck’s constant has dimension 
(1985 - 2 Marks) 
In the formula X = 3YZ?, X and Z have dimensions of 
capacitance and magnetic induction respectively. The 
dimensions of Yin MKSO sytem are , 
(1988 - 2 Marks) 
The equation of state for real gas is given by 


[p + | (V —b)= RT . The dimensions of the constant 
V 


ais (1997 - 2 Marks) 


MCQs with One Correct Answer 


The dimension of (2 EE ( €p : permittivity of free space, 


E electric field) (2000S) 
(a) MLT"! (b) ML*T? 
(c) ML"!T? (d) MILT"! 


A quantity X is given by eob where & is the 
if 


permittivity of the free space, L isa length, AV is a potential 
difference and Afris a time interval. The dimensional formula 
for _X is the same as that of (2001S) 
(a) resistance (b) charge 

(c) voltage (d) current 

A cube has a side of length 1.2 x 10-*m. Calculate its volume. 
(a) 1.7x10°m? (b) 1.73x 10m? (2003S) 
(c) 1.70 x 10m? (d) 1.732 10m? 


Pressure depends on distance as, P = so e 4 , where 


a, B are constants, z is distance, k is Boltzman’s constant 


and 6 is temperature. The dimension of B are (2004S) 
(a) M®zL°7° (b) M'r1T"! 
(c) M°L?7° (d) M"L!T? 


A wire of length = 6 + 0.06 cm and radius r= 0.5 + 0.005 cm 
and mass m= 0.3 + 0.003 gm. Maximum percentage error in 


density is (2004S) 
(a) 4 (b) 2 
(c) 1 (d) 68 


JEE €dvanced/ IIT-JEE 


Fill inthe Blanks 


Which of the following set have different dimensions? 

(a) Pressure, Young’s modulus , Stress (2005S) 
(b) EMF, Potential difference, Electric potential 

(c) Heat, Work done, Energy 

(d) Dipole moment, Electric flux, Electric field 

In a screw gauge, the zero of mainscale coincides with fifth 
division of circular scale in figure (1). The circular division of 
screw gauge are 50. It moves 0.5 mm on main scale in one 
rotation. The diameter of the ball in figure (11) is 


(2006 - 3M, -1) 


Figure (1) 


Figure (11) 
(b) 220mm 
(d) 125mm 
A student performs an experiment for determination of 


(a) 2.25mm 
(c) 120mm 


( An” 0) 
& [= P| . The error in length £ is A@ and in time Tis AT 
and n is number of times the reading is taken. The 
measurement of gis most accurate for (2006 - 3M, -1) 


Ag AT n 
(a) Smm 0.2 sec 10 
(b) Smm 0.2 sec 20 
(c) Smm 0.1 sec. 10 
(d) 1lmm 0.1 sec 50 


A student performs an experiment to determine the Young's 
modulus ofa wire, exactly 2 m long, by Searle's method. Ina 
particular reading, the student measures the extension in 
the length of the wire to be 0.8 mm with an uncertainty 
of + 0.05 mm at a load of exactly 1.0 kg. The student also 
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10. 


tudent | Length of the 


measures the diameter of the wire to be 0.4 mm with an 
uncertainty of + 0.01 mm. Take g = 9.8 m/s? (exact). The 
Young's modulus obtained from the reading is (2007) 
(a) (2.040.3)x10!! N/m? (b) (2.0+0.2) x 10!! N/m? 
(c) (2.040.1)x10!! N/m? (d) (2.040.05) = 10!! N/m? 
Students I, II and III perform an experiment for measuring 
the acceleration due to gravity (g) using a simple pendulum. 
They use different lengths of the pendulum and /or record 
time for different number of oscillations. The observations 
are shown in the table. (2008) 
Least count for length = 0.1 cm 
Least count for time = 0.1 s 


Total time 
for (n) 
oscillations 


No. of 
pendulum | oscillations 


(cm) 


11. 


12. 


13. 


If E,, E,,and E,,, are the percentage errors in g, 1.e., 


(Ag__..\ | 
es x 100 J for students I, II and III, respectively, then 


(a) £E,=0 (b) £,isminimum 

(c) E,=E, (d) £,ismaximum 

A vernier calipers has 1 mm marks on the main scale. Ithas 20 
equal divisions on the Vernier scale which match with 16 main 
scale divisions. For this Vernier calipers, the least count is 
(a) 0.02mm (b) 0.05mm (2010) 
(c) 0.1mm (d) 0.2mm 

The density of a solid ball is to be determined in an 
experiment. The diameter of the ball is measured with a screw 
gauge, whose pitch is 0.5 mm and there are 50 divisions on 
the circular scale. The reading on the main scale is 
2.5 mm and that on the circular scale is 20 divisions. If the 
measured mass of the ball has a relative error of 2 %, the 


relative percentage error in the density is (2011) 
(a) 0.9% (b) 24% 
(c) 3.1% (d) 42% 


one | 7 
tld 

using Searle’s method, a wire of length Z = 2 m and diameter 
d= 0.5 mm is used. For a load M= 2.5 kg, an extension / = 
0.25 mm in the length of the wire is observed. Quantities d 
and / are measured using a screw gauge and a micrometer, 
respectively. They have the same pitch of 0.5 mm. The 
number of divisions on their circular scale is 100. The 
contributions to the maximum probable error of the Y 
measurement (2012) 
(a) due to the errors in the measurements of d 

and / are the same. 


(b) due to the error in the measurement of d is twice that 
due to the error in the measurement of / . 


In the determination of Young’s modulus [y = 


14. 


15. 


1p MCQs with One or More than One Correct 


4. 


(c) due to the error in the measurement of / is twice that 
due to the error in the measurement of d. 

(d) due to the error in the measurement of d is four times 
that due to the error in the measurement of /. 

The diameter of a cylinder is measured using a Vernier 

callipers with no zero error. It is found that the zero of the 

Vernier scale lies between 5.10 cm and 5.15 cm of the main 

scale. The Vernier scale has 50 divisions equivalent to 2.45 

cm. The 24" division of the Vernier scale exactly coincides 

with one of the main scale divisions. The diameter of the 


cylinder is (JEE Ady. 2013) 
(a) 5.112cm (b) 5.124cm 
(c) 5.136cm (d) 5.148cm 


There are two Vernier calipers both of which have | cm di- 
vided into 10 equal divisions on the main scale. The Vernier 
scale of one of the calipers (C,) has 10 equal divisions that 
correspond to 9 main scale divisions. The Vernier scale of 
the other caliper (C,) has 10 equal divisions that correspond 
to 11 main scale divisions. The readings of the two calipers 
are shown in the figure. The measured values (in cm) by 
calipers C, and C,, respectively, are (JEE Ady. 2016) 
2 


5 10 
(b) 2.87 and 2.83 
(d) 2.87 and 2.87 


(a) 2.85 and2.82 
(c) 2.87and2.86 


The dimensions of the quantities in one (or more) of the 

following pairs are the same. Identify the pair (s) 

(a) Torque and Work (1986 - 2 Marks) 

(b) Angular momentum and Work 

(c) Energy and Young’s modulus 

(d) Light year and Wavelength 

The pairs of physical quantities that have the same 

dimensions is (are) : (1995S) 

(a) Reynolds number and coefficient of friction 

(b) Curie and frequency of a light wave 

(c) Latent heat and gravitational potential 

(d) Planck’s constant and torque 

The S/ unit of inductance, the henry can be written as 
(1998 - 2 Marks) 

(b) volt-sec/amp 

(d) ohm-second 


(a) weber/ampere 
(c) Joule/(ampere)* 
Let [€] denote the dimensional formula of the permittivity 


of the vacuum, and [19] that of the permeability of the 


vacuum. If M= mass, L = length, 7 = time and /= electric 
current, (1998 - 2 Marks) 
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@) [eg)=M'LPTAT ©) [lam irene 


() [Wo]=MLT?I? @) [wl=MeT 
A student uses a simple pendulum of exactly 1m length to 
determine g, the acceleration due to gravity. He uses a stop 
watch with the least count of 1 sec for this and records 40 
seconds for 20 oscillations. For this observation, which of 
the following statement(s) is (are) true? (2010) 
(a) Error AT1n measuring 7, the time period, is 0.05 seconds 
(b) Error AT in measuring 7, the time period, is 1 second 
(c) Percentage error in the determination of g is 5% 
(d) Percentage error in the determination of g is 2.5% 
Using the expression 2d sin 6 = A, one calculates the values 
of d by measuring the corresponding angles 6 in the range 
0 to 90°. The wavelength A is exactly known and the error in 
8 is constant for all values of 8. As 6 increases from 0° 
(JEE Ady. 2013) 
(a) The absolute error in d remains constant 
(b) The absolute error in d increases 
(c) The fractional error in d remains constant 
(d) The fractional error in d decreases 
Planck’s constant h, speed of light c and gravitational 
constant G are used to form a unit of length Z and a unit of 
mass M. Then the correct option(s) is(are) (JEE Adv. 2015) 


(a) Mo Je (b) Mc JG 
() Loe JR (d) Le JG 


Consider a Vernier callipers in which each 1 cm on the main 

scale is divided into 8 equal divisions and a screw gauge 

with 100 divisions on its circular scale. In the Vernier callipers, 

5 divisions of the Vernier scale coincide with 4 divisions on 

the main scale and in the screw gauge, one complete rotation 

of the circular scale moves it by two divisions on the linear 

scale. Then : (JEE Adv. 2015) 

(a) Ifthe pitch of the screw gauge is twice the least count 
of the Vernier callipers, the least count of the screw 
gauge is 0.01 mm 

(b) Ifthe pitch of the screw gauge is twice the least count 
of the Vernier callipers, the least count of the screw 
gauge is 0.005 mm 

(c) Ifthe least count of the linear scale of the screw gauge 
is twice the least count of the Vernier callipers, the 
least count of the screw gauge is 0.01 mm 

(d) Ifthe least count of the linear scale of the screw gauge 
is twice the least count of the Vernier callipers, the 
least count of the screw gauge is 0.005 mm 

In terms of potential difference V, electric current J, permittivity 

Ep, permeability , and speed of light c, the dimensionally 

correct equation(s) is(are) (JEE Adv. 2015) 

(a) Ugl? =e9V? (b) Hol = byV 

(c) I=é cV (d) pocl=e5V 


10. A length—scale (/) depends on the permittivity (€) of a 


dielectric material. Boltzmann constant (kp), the absolute 
temperature (T), the number per unit volume (n) of certain 


11. 


E Subjective Problems 


p-3 


charged particles, and the charge (q) carried by each of the 
particles. Which of the following expression(s) for / is(are) 
dimensionally correct? (JEE Adv. 2016) 


2 
- nq _ sk pT 
(a) = [2] (b) =| nae 
2 2 
j= | — | = | _. 
(Cc) 5] (d) |<] 


In an experiment to determine the acceleration due to gravity 
g, the formula used for the time period of a periodic motion is 


7(R-r) 
T =20 ~o. _ The values of R and r are measured to be 


(60+ 1) mm and (10+ 1) mm, respectively. In five successive 
measurements, the time period is found to be 0.52s, 0.56s, 
0.57s, 0.54s and 0.59s. The least count of the watch used for 
the measurement of time period is 0.01s. Which of the fol- 
lowing statement(s) is (are) true? (JEE Adv. 2016) 
(a) Theerror in the measurement ofr is 10% 

(b) The error in the measurement of T is 3.75% 

(c) Theerror in the measurement of T is 2% 

(d) The error in the determined value of gis 11% 


Give the MKS units for each of the following quantities. 
(i) Young’s modulus (1980) 
(i) Magnetic Induction 
(it) Power of a lens 
A gas bubble, from an explosion under water, oscillates with 
a period T proportional to p?d°E°. Where ‘P’ is the static 
pressure, “d’ is the density of water and ‘EZ’ is the total energy 
of the explosion. Find the values of a, b and c. 

(1981- 3 Marks) 
Write the dimensions of the following in terms of mass, 
time, length and charge (1982 - 2 Marks) 
(i) magnetic flux 
(ii) rigidity modulus 
Match the physical quantities given in column I with 
dimensions expressed in terms of mass (M), length (Z), time 
(7), and charge (Q) given in column II and write the correct 
answer against the matched quantity in a tabular form in 
your answer book. (1983 - 6 Marks) 


Column I Column II 
Angular momentum ML?T* 
Latent heat ML*O7? 
Torque ML?T" 
Capacitance MLDT'O? 
Inductance M-!L-*T* OQ? 
Resistivity Lt? 
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DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of 


Column-I gives three physical quantities. Select the 
appropriate units for the choices given in Column-II. Some 
of the physical quantities may have more than one choice 


correct : (1990 - 3 Marks) 
Column I Column II 

Capacitance (i) ohm-second 

Inductance (ii) coulomb?—joule™! 


Magnetic Induction coulomb (volt)~! 


(ul) 
(iv) newton (amp-metre) ! 

(v) volt-second (ampere)~! 

If n" division of main scale coincides with (n+1)" divisions 
of vernier scale. Given one main scale division is equal to ‘a’ 
units. Find the least count of the vernier. (2003 - 2 Marks) 
A screw gauge having 100 equal divisions and a pitch of 
length 1 mm is used to measure the diameter of a wire of 
length 5.6 cm. The main scale reading is 1 mm and 47" circular 


surface area of wire in cm? to appropriate significant figure. 


(usex = = ). (2004 - 2 Marks) 


In Searle’s experiment, which is used to find Young’s 
Modulus of elasticity, the diameter of experimental wire is D 
= ().05 cm (measured by a scale of least count 0.001 cm) and 
length is L = 110 cm (measured by a scale of least count 0.1 
cm). A weight of 50 N causes an extension of X= 0.125 cm 
(measured by a micrometer of least count 0.001cm). Find 
maximum possible error in the values of Young’s modulus. 
Screw gauge and meter scale are free from error. 

(2004 - 2 Marks) 
The side of a cube is measured by vernier callipers (10 
divisions of a vernier scale coincide with 9 divisions of main 
scale, where 1 division of main scale is 1 mm). The main 
scale reads 10 mm and first division of vernier scale coincides 
with the main scale. Mass of the cube is 2.736 g. Find the 


division coincides with the main scale. Find the curved density of the cube in appropriate significant figures. 


(2005 - 2 Marks) 


F Match the Following 


DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 
have to be darkened as illustrated in the following example : 


P gQrs it 


If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 
bubbles will look like the given. 


Some physical quantities are given in Column I and some possible SI units in which these quantities may be expressed are given 
in Column II. Match the physical quantities in Column I with the units in Column II and indicate your answer by darkening 
appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007) 


Column I Column II 


(A) GMM, G—universal gravitational constant, (p) (volt) (coulomb)(metre) 
M,- — mass of the earth, M.— mass of the Sun 
RT 
(B) a , R-—universal gas constant, (q) (kilogram) (metre)>(second)-? 
T — absolute temperature, M@— molar mass 
F2 
(C) 7B? , F—Force, g—charge, B— magnetic field (r) (metre)? (second)? 
GM, — 2 1 
(D) RR.” G— universal gravitational constant, (s) (farad) (volt)- (kg) 


€ 


M, — mass of the earth, R, — radius of the earth 


which ONLY ONE is correct. 


pe 


Match List I with List II and select the correct answer using the codes given below the lists: (JEE Ady. 2013) 
List I List Il Codes: 
P_ Boltzmann constant 1 [ML2T"!] P Q R S 
Q. Coefficient of viscosity 2. [ML!T-}] (a) 3 | 2 4 
R Planck constant 3. [MLT-3K7!] (b) 3 2 1 4 
S. Thermal conductivity 4. [ML2T*K7}] (c) 4 2 l 3 
(d) 4 l 2 3 
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‘em ~=6Comprehension Based Questions 


PASSAGE 
A dense collection of equal number of electrons and positive ions 
is called neutral plasma. Certain solids containing fixed positive 
ions surrounded by free electrons can be treated as neutral plasma. 
Let ‘N’ be the number density of free electrons, each of mass ‘m’. 
When the electrons are subjected to an electric field, they are 
displaced relatively away from the heavy positive ions. If the 
electric field becomes zero, the electrons begin to oscillate about 
the positive ions with a natural angular frequency ‘O,” which is 
called the plasma frequency. To sustain the oscillations, a time 
varying electric field needs to be applied that has an angular 
frequency w, where a part of the energy is absorbed and a part of 
it is reflected. As @ approaches pall the free electrons are set to 
resonance together and all the energy is reflected. This is the 
explanation of high reflectivity of metals. (2011) 


1. Taking the electronic charge as ‘e’ and the permittivity as 
‘g, . Use dimensional analysis to determine the correct 
expression for ©... 


| Ne me INe? INe* 
(a) a (b) We (c) We (d) iE 


2. Estimate the wavelength at which plasma reflection will occur 
for a metal having the density of electrons 
N~x4x 102’ m>. Taking Ey = 10-!! and mass m ~ 10779, 


7 Section-B 


Identify the pair whose dimensions are equal 
(a) torqueandwork  (b) stress and energy 
(c) force and stress (d) force and work 


—_" 
e 


[2002] 


2. Dimension of 


, where symbols have their usual 
Hoeo 
meaning, are [2003] 


@ (L'T]) ® 1°) @OWT?) @ (LT! 
3. The physical quantities not having same dimensions are 
(a) torque and work [2003] 


(b) momentum and planck’s constant 
(c) stress and young’s modulus 


(d) speed and (MoE) 7 


4. Which one of the following represents the correct 
dimensions of the coefficient of viscosity? [2004] 


(a) ML!T! () MLT! (c)ML!T?(d) ML?T? 
5.  Outof the following pair , which one does NOT have identical 

dimensions 1s [2005] 

(a) impulse and momentum 

(b) angular momentum and planck’s constant 

(c) work and torque 

(d) moment of inertia and moment ofa force 

(towards north-west) 


JEE Main / GIEEE 


6. 


9. 


I Integer Value Correct Type 


where these quantities are in proper SI units. 
(a) 800nm (b) 600nm 
(c) 300nm (d) 200nm 


To find the distance d over which a signal can be seen clearly 
in foggy conditions, a railways-engineer uses dimensions 
and assumes that the distance depends on the mass density 
p of the fog, intensity (power/area) S of the light from the 
signal and its frequency f The engineer finds that d is 
proportional to S!”. The valueofnis | (JEE Ady. 2014) 
During Searle’s experiment, zero of the Vernier scale lies 
between 3.20 x 10-2 mand 3.25 x 10-7 m of the main scale. 
The 20" division of the Vernier scale exactly coincides with 
one of the main scale divisions. When an additional load of 
2 kg is applied to the wire, the zero of the Vernier scale still 
lies between 3.20 x 10-2 mand 3.25 x 10-* m of the main scale 
but now the 45" division of Vernier scale coincides with one 
of the main scale divisions. The length of the thin metallic 
wire is 2 m and its cross-sectional area is 8 x 10-7 m*. The 
least count of the Vernier scale is 1.0 x 10 m. The maximum 
percentage error in the Young’s modulus of the wire is 
(JEE Ady. 2014) 
The energy ofa system as a function of time tis given as E(t) 
= A? exp(—at,) where a = 0.2 s-!. The measurement of A has 
an error of 1.25%. Ifthe error in the measurement of time is 
1.50%, the percentage error in the value of E(t) att=5 sis 


(JEE Adv. 2015) 


The dimension of magnetic field in M, L, T and C (coulomb) 


is given as ]2008] 
(a) MLT-!C! (b) MT? C~“ 
(c) MT-!C! (d) MT-?C! 


A body of mass m= 3.513 kg is moving along the x-axis with 
a speed of 5.00 ms~!. The magnitude of its momentum is 
recorded as ]2008] 
(a) 17.6kgms"! (b) 17.565kgms"! 

(c) 17.56kg ms"! (d) 17.57kg ms"! 

Two full turns of the circular scale of a screw gauge cover a 
distance of 1mm on its main scale. The total number of 
divisions on the circular scale is 50. Further, it is found that 
the screw gauge has a zero error of — 0.03 mm. While 
measuring the diameter of a thin wire, a student notes the 
main scale reading of 3 mm and the number of circular scale 
divisions in line with the main scale as 35. The diameter of 


the wire 1s ]2008] 
(a) 3.32mm (b) 3.73mm 
(c) 367mm (d) 338mm 


In an experiment the angles are required to be measured 
using an instrument, 29 divisions of the main scale exactly 
coincide with the 30 divisions of the vernier scale. If the 
smallest division ofthe main scale is half- a degree (= 0.5°), 
then the least count of the instrument 1s : ]2009] 
(a) halfminute (b) one degree 

(c) halfdegree (d) oneminute 
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11. 


12. 


13. 


14. 


The respective number of significant figures for the numbers 
23.023, 0.0003 and 2.1 x 10-3 are [2010] 
(a) 5,1,2 (b) 5,1,5 
(c) 5,5,2 (d) 4,42 


A screw gauge gives the following reading when used to 
measure the diameter of a wire. 

Main scale reading : 0 mm 

Circular scale reading : 52 divisions 

Given that 1mm on main scale corresponds to 100 divisions 
of the circular scale. The diameter of wire from the above 


data is: [2011] 
(a) 0.052cm (b) 0.026cm 
(c) 0.005cm (d) 0.52cm 


Resistance of a given wire is obtained by measuring the 
current flowing in it and the voltage difference applied across 
it. Ifthe percentage errors in the measurement of the current 
and the voltage difference are 3% each, then error in the 


value of resistance of the wire is : [2012] 
(a) 6% (b) zero 

(c) 1% (d) 3% 

A spectrometer gives the following reading when used to 
measure the angle of a prism. ]2012] 


Main scale reading : 58.5 degree 

Vernier scale reading : 09 divisions 

Given that 1 division on main scale corresponds to 0.5 degree. 
Total divisions on the Vernier scale is 30 and match with 29 
divisions of the main scale. The angle of the prism from the 
above data : 

(a) 58.59 degree (b) 58.77 degree 

(c) 58.65 degree (d) 59 degree 


Let [ €, ] denote the dimensional formula of the permittivity 
of vacuum. IfM = mass, L= length, T = time and A = electric 


current, then: [JEE Main 2013] 
(a) ¢, =[M!L°?T?A] (b) €, =[M!L3T° A] 
(c) € =[M!L?T! A?] (d) €, =[M!L*T!A] 


15. 


16. 


17. 


18. 


A student measured the length ofa rod and wrote it as 3.50 
cm. Which instrument did he use to measure it? 
]JEE Main 2014] 

(a) A meter scale. 

(b) A vernier calliper where the 10 divisions in vernier scale 
matches with 9 division in main scale and main scale has 
10 divisions in | cm. 

(c) Ascrew gauge having 100 divisions in the circular scale 
and pitch as 1 mm. 

(d) A screw gauge having 50 divisions in the circular scale 
and pitch as 1 mm. 


The period of oscillation ofa simple pendulum is T= 27 fE : 
8 
Measured value of Lis 20.0 cm known to 1 mm accuracy and 


time for 100 oscillations of the pendulum is found to be 90 s 
using a wrist watch of 1s resolution. The accuracy in the 


determination of g is: [JEE Main 2015] 
(a) 1% (b) 5% 
(c) 2% (d) 3% 


A student measures the time period of 100 oscillations of a 
simple pendulum four times. The data set is 90 s, 91 s, 95 s, 
and 92 s. Ifthe minimum division in the measuring clock is 1 
s, then the reported mean time should be: [JEE Main 2016] 
(a) 9241.8s (b) 92+ 3s 
(c) 9242s (d) 92+5.0s 
A screw gauge with a pitch of 0.5 mm and a circular scale 
with 50 divisions is used to measure the thickness of a thin 
sheet of Aluminium. Before starting the measurement, it is 
found that wen the two jaws of the screw gauge are brought 
in contact, the 45‘ division coincides with the main scale 
line and the zero of the main scale is barely visible. What is 
the thickness of the sheet if the main scale reading is 0.5 mm 
and the 25th division coincides with the main scale line? 
|JEE Main 2016] 
(a) 0.70mm (b) 050mm 
(c) 075mm (d) 080mm 
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CHAPTER 


a Section-A 


A Fill inthe Blanks 


A particle moves in a circle of radius R. Inhalfthe periodof 2. 


revolution its displacement is and distance 
covered is (1983 - 2 Marks) 
Four persons K, L, M, N are initially at the four corners ofa 
square of side d. Each person now moves with a uniform 
speed v in such a way that K always moves directly towards 
L, L directly towards M, M directly towards N, and N directly 
towards K. The four persons will meet ata time .............. 

(1984- 2 Marks) 
Spotlight S rotates in a horizontal plane with constant angular 
velocity of 0.1 radian/second. The spot of light P moves 
along the wall at a distance of 3 m. The velocity of the spot 
Pwhen 9 =45° (see fig.) is ................. m/s 

(1987 - 2 Marks) 


PADS 


B True/False 


Two balls of different masses are thrown vertically upwards 
with the same speed. They pass through the point of 
projection in their downward motion with the same speed 
(Neglect air resistance). (1983 - 2 Marks) 
A projectile fired from the ground follows a parabolic path. 
The speed of the projectile is minimum at the top of its path. 

(1984 - 2 Marks) 
Two identical trains are moving on rails along the equator 
on the earth in opposite directions with the same speed. 
They will exert the same pressure on the rails. 

(1985 - 3 Marks) 


C MCQs with One Correct Answer 


A river is flowing from west to east at a speed of 5 metres 
per minute. A man on the south bank of the river, capable of 
swimming at 10 metres per minute in still water, wants to 
swim across the river in the shortest time. He should swim 
in a direction (1983 - I Mark) 


JEE @dvanced/ IIT-JEE 


(a) due north (b) 30° east of north 

(c) 30° west of north (d) 60° east of north 

A boat which has a speed of 5 km/hr in still water crosses a 
river of width 1 km along the shortest possible path in 15 
minutes. The velocity of the river water in km/hr is 

(a) 1 (b) 3 (1988 - 1 Mark) 


(c) 4 (d) 41 

In 1.0 s, a particle goes from point A to point B, moving ina 
semicircle of radius 1.0 m (see Figure). The magnitude of the 
average velocity A (1999S - 2 Marks) 


(a) 3.14m/s 
(b) 2.0m/s 
(c) 1.0m/s 


(d) Zero 
B 
A ball is dropped vertically from a height d above the ground. 


It hits the ground and bounces up vertically to a height d/2. 
Neglecting subsequent motion and air resistance, its velocity 
v varies with the height A above the groundas (2000S) 

. v 

d 

(a) : (b) Ath 

4 Vv 

d d 

A particle starts sliding down a frictionless inclined plane. 
If Sis the distance travelled by it from time = n— 1 sec to 


t=n sec, the ratio S/S, is (2004S) 
2n-1 2n+1 
(a) aa (b) ns 
2n 2n+1 
(©) @ = 
2n+1 2n—1 


A body starts from rest at time ¢ = 0, the acceleration time 
graph is shown in the figure. The maximum velocity attained 
by the body will be (2004S) 


Acceleration 


110m/s 4 
(m/s) 10 
(b) 55m/s 
(c) 650m/s 
(d) 550m/s 'l Time 
(sec.) 


The velocity-displacement graph of a particle moving 
along a straight line is shown (2005S) 


Vv 


Vo 


x 
XQ 


The most suitable acceleration-displacement graph will be 


a a 
X 
(a) (b) 
X 
a a 
x x 
(Cc) (d) 
Two identical discs of same radius R are rotating about their 
axes in opposite directions with the same constant angular 
speed w. The discs are in the same horizontal plane. At time 
t= 0, the points P and Q are facing each other as shown in 
the figure. The relative speed between the two points P and 


Qis v.. In one time period (7) of rotation of the discs, vasa 
function of time is best represented by (2012) 


oy, 
AA. 


U, | v, 

(a) \ (b) Wd 
0 I t 0 T t 
ms U, 

(c) ny (d) Wy. 
0 T  ¢ 0 T ft 


Consider a disc rotating in the horizontal plane with a 
constant angular speed w about its centre O. The disc has a 
shaded region on one side of the diameter and an unshaded 
region on the other side as shown in the figure. When the 
disc is in the orientation as shown, two pebbles P and Q are 
simultaneously projected at an angle towards R. The velocity 
of projection is in the y-z plane and is same for both pebbles 
with respect to the disc. Assume that (1) they land back on 
the disc before the disc has completed 1/8 rotation, (11) their 


a4 
aS 


ae 


1p MCQs with One or More than One Correct 


Topic-wise Solved Papers - PHYSICS 


range is less than half the disc radius, and (111) @ remains 
constant throughout. Then (2012) 
\\ 


(a) P lands in the shaded region and Q in the unshaded 
region. 

(b) P lands in the unshaded region and Q in the shaded 
region. 

(c) Both Pand Q land in the unshaded region. 

(d) Both P and Q land in the shaded region. 


A particle is moving eastwards with a velocity of 5 m/s. In 
10s the velocity changes to 5 m/s northwards. The average 
acceleration in this time is (1982 - 3 Marks) 
(a) zero 

(b) 1/ V2 m/s? towards north-west 


(c) 1/./2 m/s* towards north-east 


l 
(d) > m/s? towards north-west 


2 
(e) Pl Ss“ towards north 


A particle of mass m moves on the x-axis as follows : it starts 
from rest at t= 0 from the point x = 0, and comes to rest at 
t= 1 at the point x = 1. NO other information is available about 
its motion at intermediate times (0 < t< 1). If a denotes the 
instantaneous acceleration of the particle, then: 
(1993-2 Marks) 
(a) a cannot remain positive for all ¢ in the interval 
O<t<l. 
(b) |a| cannot exceed 2 at any point in its path. 
(c) |a| must be > 4 at some point or points in its path. 
(d) a must change sign during the motion, but no other 
assertion can be made with the information given. 
The coordinates ofa particle moving in a plane are given by 
x(t) = a cos (pt) and y (t)= 5 sin (pt) where a, b (< a) and p are 
positive constants of appropriate dimensions. Then 
(1999S - 3 Marks) 
(a) the path of the particle is an ellipse 
(b) the velocity and acceleration of the particle are normal 
to each other at t= 1/(2p) 
(c) the acceleration of the particle is always directed 
towards a focus 
(d) the distance travelled by the particle in time interval 
t=Otot=n/(2p)isa 


E Subjective Problems 


A car accelerates from rest at a constant rate a for some time 
after which it decelerates at a constant rate B to come to 
rest. If the total time lapse is ¢ seconds, evaluate. (1978) 
(i) maximum velocity reached, and 

(i) the total distance travelled. 

The displacement x of particle moving in one dimension, 
under the action of a constant force is related to the time ¢ 
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Motion 


by the equation ¢ = Vx +3 (1979) 

where x is in meters and ¢ in seconds. Find 

(i) The displacement of the particle when its velocity is 
zero, and 

(i) The work done by the force 1n the first 6 seconds. 


Answer the following giving 1 
reasons in brief : % 

= 
Is the time variation of position, & 
shown in the figure observed 
in nature? (1979) Posiion@) > 
Particles P and QO of mass 20 gm and 40 em respectively are 
simultaneously projected from points A and B on the ground. 
The initial velocities of P and O make 45° and 135° angles 
respectively with the horizontal AB as shown in the figure. 


Each particle has an initial speed of 49 m/s. The separation 
AB is 245 m. (1982 - 8 Marks) 


P Q 


45° 135° 


A 5 


Both particle travel in the same vertical plane and undergo a 
collision After the collision, P retraces its path, Determine 
the position of O when it hits the ground. How much time 
after the collision does the particle Q take to reach the 
ground? Take g = 9.8 m/s?. 

Two towers AB and CD are situated a distance d apart as 
shown in figure. 

AB is20 mhigh and CD is 30 m high from the ground. An 
object of mass m is thrown from the top of AB horizontally 
with a velocity of 10 m/stowards CD. (1994 - 6 Marks) 
Simultaneously another object 

of mass 2 m is thrown from the 

top of CD at an angle of 60° to 

the horizontal towards AB with 

the same magnitude of initial y 
velocity as that of the first 
object. The two objects move 

in the same vertical plane, 
collide in mid-air and stick to 

each other. B 
(i) Calculate the distance ‘d’ between the towers and, 
(ii) Find the position where the objects hit the ground. 
Two guns, situated on the top of a hill of height 10 m, fire 


2m 


one shot each with the same speed 5./3 m s"! at some 
interval of time. One gun fires horizontally and other fires 
upwards at an angle of 60° with the horizontal. The shots 
collide in air at a point P. Find (1) the time-interval between 
the firings, and (11) the coordinates of the point P. Take origin 
of the coordinate system at the foot of the hill right below 
the muzzle and trajectories in x-y plane. (1996 - 5 Marks) 
A large, heavy box is sliding without friction down a smooth 
plane of inclination 8. From a point P on the bottom of the 
box, a particle is projected inside the box. The initial speed 
of the particle with respect to the box is u, and the direction 


of projection makes an angle a with the bottom as shown in 
Figure. (1998 - 8 Marks) 


-\ pba * 
— )9 


(a) Find the distance along the bottom of the box between 
the point of projection P and the point QO where the 
particle lands. (Assume that the particle does not hit 
any other surface of the box. Neglect air resistance.) 

(b) Ifthe horizontal displacement of the particle as seen 
by an observer on the ground is zero, find the speed of 
the box with respect to the ground at the instant when 
particle was projected. 

An object A is kept fixed at the point x = 3 m andy=1.25m 

on a plank Praised above the ground. At time t= 0 the plank 

starts moving along the +x direction with an acceleration 

1.5 m/s’. At the same instant a stone is projected from the 

origin with a velocity “7 as shown. A stationary person on 

the ground observes the stone hitting the object during its 
downward motion at an angle of 45° to the horizontal. All 
the motions are in the X—Y plane. Find g and the time after 

which the stone hits the object. Take g = 10 m/s 

(2000 - 10 Marks) 


On a frictionless horizontal surface, assumed to be the x-y 
plane, a small trolley A is moving along a straight line parallel 
to the y-axis (see figure) with a constant velocity of 


(/3 —1) m/s. Ata particular instant, when the line O4 makes 
an angle of 45° with the x-axis, a ball is thrown along the 
surface from the origin O. Its velocity makes an angle o with 
the x-axis and it hits the trolley. 


(a) The motion of the ball is 
observed from the frame 
of the trolley. Calculate 
the angle 8 made by the 
velocity vector of the ball 
with the x-axis in this 
frame. 

(b) Find the speed of the ball 
with respect to the 
surface, if b= 46/4. 
(2002 - 5 Marks) 


Assertion & Reson Type Questions 


STATEMENT-1 : For an observer looking out through the 
window of a fast moving train, the nearby objects appear to 
move in the opposite direction to the train, while the distant 
objects appear to be stationary. 

STATEMENT-2 : If the observer and the object are moving 


at velocities v, and v, respectively with reference to a 
laboratory frame, the velocity of the object with respect to 


7 (2008) 


(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statementl is True, Statement-2 1s True; Statement-2 is 
NOT acorrect explanation for Statement-1 

(c) Statement -1 1s True, Statement-2 is False 

(d) Statement -1 is False, Statement-2 is True 


the observer 1s v,—v 


Integer Value Correct Type 


A train is moving along a straight line with a constant 
acceleration ‘a’. A boy standing in the train throws a ball 
forward with a speed of 10 m/s, at an angle of 60° to the 
horizontal. The boy has to move forward by 1.15 m inside 
the train to catch the ball back at the initial height. The 
acceleration of the train, in m/s?, is (2011) 


Section-B 


A ball whose kinetic energy is £, is projected at an angle of 
45° to the horizontal. The kinetic energy of the ball at the 
highest point of its flight will be [2002] 


(a) E (b) E/V2 (©) E2 (d) zero. 
From a building two balls A and B are thrown such that A is 
thrown upwards and B downwards (both vertically with the 
same speed). If v, and vp are their respective velocities on 
reaching the ground, then [2002] 
(a) Vg>v, (b) vV~=Vp (CC) Vy> vp 

(d) their velocities depend on their masses. 

Acar, moving with a speed of 50 km/hr, can be stopped by 
brakes after at least 6 m. Ifthe same car is moving at a speed 
of 100 km/hr, the minimum stopping distance is [2003] 
(a) 12m (b) 18m (c) 24m (d) 6m 

A boy playing on the roof ofa 10 m high building throws a 
ball with a speed of 10m/s at an angle of 30° with the 
horizontal. How far from the throwing point will the ball be 
at the height of 10 m from the ground ? [2003] 


[g= 10m/s?, sin30° = = cos30° = 7) 
(a) 520m (b)4.33m 
(c) 2.60m (d) 8.66m 


JEE Main / GIEEE 
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Airplanes A and B are flying with constant velocity in the 
same vertical plane at angles 30° and 60° with respect to the 
horizontal respectively as shown in figure. The speed of A is 


100/3 m/s. At time ¢ = 0 s, an observer in A finds B at a 
distance of 500 m. The observer sees B moving with a 
constant velocity perpendicular to the line of motion of A. If 
at t =f), A just escapes being hit by B, f, in seconds is 
(JEE Ady. 2014) 


+i 
s* 
. 
. 
.* 
. 


A rocket is moving in a gravity free space with a constant 
acceleration of 2 m/s? along +x direction (see figure). The 
length of a chamber inside the rocket is 4 m. A ball is thrown 
from the left end of the chamber in +x direction with a speed 
of 0.3 m/s relative to the rocket. At the same time, another 
ball is thrown in —x direction with a speed of 0.2 m/s from its 
right end relative to the rocket. The time in seconds when 
the two balls hit each other is (JEE Ady. 2014) 


0.3 m/s 0.2 m/s | a=2 m/s” 
o—> 


The co-ordinates of a moving particle at any time ‘?’are given 


. The speed of the particle at time 


12003] 
(a) 3rfa2 +p? (b)  3¢7Ja? +p? 
(c) t?Ja7+p? (d) yo? +B? 


A ball is released from the top of a tower of height h meters. 
It takes T seconds to reach the ground. What is the position 


by x= at? and y=Br 
‘f’ 1s given by 


T 
of the ball at 3 second ]2004] 


Sh 

(a) 9 meters from the ground 
Th 

(b) 9 meters from the ground 


h 
(c) — meters from the ground 


9 
(d) — meters from the ground 
If Ax B = Bx A, then the angle between A and Bis [2004] 
@ > &> ©n @ = 

Z 3 4 
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8. 


10. 


11. 


12. 


13. 


14. 


15. 


A projectile can have the same range ‘R’ for two angles of 
projection. If ‘7,’ and ‘T,’ to be time of flights in the two 
cases, then the product of the two time of flights is directly 
proportional to. [2004] 


l 
> O pF @ RF 


Which of the following statements is FALSE for a particle 
moving in a circle with a constant angular speed ? 

[2004] 
(a) The acceleration vector points to the centre of the circle 
(b) The acceleration vector is tangent to the circle 
(c) The velocity vector is tangent to the circle 
(d) The velocity and acceleration vectors are perpendicular 

to each other. 

An _ automobile travelling with a speed of 60 km/h, can brake 
to stop within a distance of 20m. Ifthe car is going twice as 
fasti.e., 120 km/h, the stopping distance will be [2004] 
(a) 60m (b) 40m (c) 20m (d) 80m 
A ball is thrown from a point with a speed 'vy' at an 
elevation angle of 8. From the same point and at the same 


' ' 


V 


(a) R 


instant, a person starts running with a constant speed 


to catch the ball. Will the person be able to catch the ball? If 
yes, what should be the angle of projection 0 ? [2004] 
(a) No (b) Yes,30° (c) Yes,60° (d) Yes,45° 
A car, starting from rest, accelerates at the rate f through a 
distance S, then continues at constant speed for time t and 


vi 


then decelerates at the rate a to come to rest. If the total 


distance traversed is 15 S$, then [2005] 


@) S=2fP (b) S=ft 


_1,2 _) #2 
(c) S= re (d) S= ay ft 


A particle is moving eastwards with a velocity of 5 ms | In 


10 seconds the velocity changes to5 ms | northwards. 
The average acceleration in this time is [2005] 


(a) ms ~? towards north 


(b) ee towards north - east 
/2 


aa 
(c) —~ms ~ towards north - west 
/2 


(d) zero 


The relation between time t and distance x is f= ax” + bx 
where a and b are constants. The acceleration is [2005] 


(a) 2bv? (b) ~abv* (c) 2av’ (d) av’ 
A particle located at x= 0 at time ¢= 0, starts moving along 
with the positive x-direction with a velocity 'v' that varies as 


v= avx . The displacement of the particle varies with time 
- [2006] 


a2) # (db) ¢t (c) 1/2 (dd) * 


16. 


7. 


18. 


19. 


20. 


A particle is projected at 60° to the horizontal with a kinetic 
energy K. The kinetic energy at the highest point is ]2007] 


(a) K/2 (b) K (c) Zero (d) K/4 

The velocity ofa particle is v=vg + gt+ fi. Ifits position is 
x =0 at t= 0, then its displacement after unit time (t= 1) is 
(a) votg/2+f (b) vot2gt+3f ]2007] 
(Cc) vot g/2+fi3 (d) votgtf 

A body is at rest atx =0. At t= 0, it starts moving in the 
positive x-direction with a constant acceleration. At the same 
instant another body passes through x = 0 moving in the 
positive x-direction with a constant speed. The position of 
the first body is given by x(t) after time ‘?’; and that of the 
second body by x.(¢) after the same time interval. Which of 
the following graphs correctly describes (x, — x,) as a 
function of time ‘t’? ]2008] 


(x; — Xp) (x; —X) 


(x, —x>) 


Consider a rubber ball freely falling from a height h =4.9m 
onto a horizontal elastic plate. Assume that the duration of 
collision is negligible and the collision with the plate is totally 
elastic. 

Then the velocity as a function of time and the height as a 
function of time will be: [2009] 


y 


h 


t 


t 


1 
, rae 
y 
h : : 
Vv y 
a i h 
(d) O t AA. 


A particle has an initial velocity of 3{+4j7 and an 


, 


/ 


~~ 


acceleration of 0.4i + 0.37 . Its speed after 10s is: ]2009] 
(a) 7/2 units (b) 7units (c) 8.5 units (d) 10units 
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22. 


23. 


24. 


ZS. 


26. 


21. 


A particle is moving with velocity v = k(yi + x) , where k 


is aconstant. The general equation for its pathis [2010] 
(a) y=x* + constant (b) y*=x+ constant 

(c) xy=constant (d) y?=x? + constant 

A point P moves in counter-clockwise direction on a circular 
path as shown in the figure. The movement of 'P' is such 


that it sweeps out a length s=# + 5, where s is in metres and 


t is in seconds. The radius of the path is 20 m. The 
[2010] 


acceleration of 'P' when t=2 sis nea 
(a) 13m/s? 
(b) 12m/s? 
(c) 7.2ms* 
(d) 14m/s* 


O A 
For a particle in uniform circular motion, the acceleration g 
ata point P(R,9) on the circle of radius R is (Here 8 is measured 


from the x-axis ) [2010] 


2 2 2 2 
Vv a Vv A Vv a Vv A 
a) ——cos0 i+—=sin9 j b oe i +—cos8@ j 
( ) R R J ( ) R J 


Vv » Vv a 


v? ~ vy? gs d 
Cc) -——cos® i-—sin0 j ries 
() -> _sinds (d) a 


A small particle of mass m 1s proj al at an angle 9 with the 
x-axis with an initial velocity v, in the x-yplane as shown in 


in@ 

the figure. At a time t < a aalad , the angular momentum of 
the particle is [2010] 
(a) —mg Vot? cos i y 
(b) 8 Vol cos Ok Vo 

l > n 
(c) - 5 m8 vol cos Ok 

1 e; A a 

(d) > M8 Vol cos Gi x 


where j,; and k are unit vectors along x, y and z-axis 


respectively. 
An object, moving with a speed of 6.25 m/s, 1s decelerated 
at a rate given by: [2011] 


d ; ; 
7 =~2.5Vv where v is the instantaneous speed. The time 
taken by the object, to come to rest, would be: 

(a) 2s (b) 4s (c) 8s (d) ls 


A water fountain on the ground sprinkles water all around 
it. Ifthe speed of water coming out of the fountain 1s v, the 


total area around the fountain that gets wet is : [2011] 
fi y4 15 yt 7 y d y* 
a 7 72 ©6«6(c) ™ ™— 
(a) ~ (b) 5 a (Cc) 2 ( ; 


A boy can throw a stone up to a maximum height of 10 m. 
The maximum horizontal distance that the boy can throw 
the same stone up to will be : [2012] 


(a) 20J2m (b) 10m (c) 10J2m (d) 20m 


28. 


20. 


30. 


31. 


32. 


Two cars ofmass m, and m, are moving in circles ofradiir, 
and r,, respectively. Their speeds are such that they make 
complete circles in the same time ¢. The ratio of their 
centripetal acceleration is : 

(a) mr): Mr, (b) m,: m, 

(Cc) rir, (d) 1:1 

A particle of mass m is at rest at the origin at time 
t=0. Itis subjected toa force F(t) = Fe in the x direction. 
Its speed v(t) is depicted by which of the following curves? 


A projectile is given an initial velocity of (i + 27) m/s, where 


j isalongthe groundand ; isalong the vertical. If g=10 


m/s? , the equation of its trajectoryis: |JEE-Main 2013] 


(b) 


(c) 4y=2x-5x? (d) 4y=2x-25x? 
From a tower of height H, a particle is thrown vertically 
upwards with a speed u. The time taken by the particle, to hit 
the ground, is n times that taken by it to reach the highest 
point of its path. The relation between H, u and nis: 
]JEE Main 2014] 


(b) gH=(n-2) wv 

(c) 2gH=nu’(n-2) (d) gH=(n-2)u 

Two stones are thrown up simultaneously from the edge of a 
cliff 240 m high with initial speed of 10 m/s and 40 m/s 
respectively. Which of the following graph best represents 
the time variation of relative position of the second stone 
with respect to the first ? 

(Assume stones do not rebound after hitting the ground and 
neglect air resistance, take g = 10 m/s?) 


(The figures are schematic and not drawn to scale) 
| JEE Main 2015] 


(a) y=x—5x? y = 2x -5x 


(a) 2gH=n*u’ 


Y2-y,)m 


1D t(s) 


(d) be _ | 
t(s) (s) 
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a Section-A 


MCQs with One Correct Answer 


A Fill inthe Blanks Cc 


(b) , m is lifted up by pulling the other end of the rope with 
a constant downward force F' =2 mg. The acceleration of m 
is the same in both cases (1984 - 2 Marks) 


(b) 


A block of mass 1 kg lies on a horizontal surfaceinatruck. 1. Aship ofmass3 x 10’ kg initially at rest, is pulled by a force 
The coefficient of static friction between the block and the of 5 x 10*N through a distance of 3m. Assuming that the 
surface is 0.6. If the acceleration of the truck is 5 m/s?, the resistance due to water is negligible, the speed of the ship is 
frictional force acting on the block is ..... newtons. (1980) 
(1984 - 2 Marks) a rr mites ie ae 
, ts c) 0.1 m/sec. sec. 
a UnMoE TOG Ot length ne SH Gensity nei being pues 2. Ablock of mass 2 kg rests on a rough inclined plane making 
along a smooth floor with a horizontal acceleration a (see an angle of 30° with the horizontal. The coefficient of static 
Fig.) The magnitude of the stress at the transverse cross- friction between the block and the plane is 0.7. The frictional 
section through the mid- point of the rod 1s......... force on the block is 
a EEE) (a) 98N (b) 0.7x9.8xV3N 
k——_ 1 ——+ (c) 98x J3N (d) 0.7x9.8N (1980) 
3. Ablock of mass 0.1 1s held against a wall applying a horizontal 
- force of 5 N on the block. Ifthe coefficient of friction between 
the block and the wall is 0.5, the magnitude of the frictional 
force acting on the block is : (1994 - I Mark) 
(a) 2.5N (b) 0.98N 
4. | Asmall block is shot into each of the four tracks as shown 
A rocket moves forward by pushing the surrounding air below. Each of the tracks rises to the same height. The 
backwards. (1980) speed with which the block enters the track is the same in all 
When a person walks on a rough surface, the frictional force cases. At the highest point of the track, the normal reaction 
exerted by the surface on the person is opposite to the is maximum in (2001S) 
direction of his motion. (1981 - 2 Marks) 
A simple pendulum with a bob of mass m swings with an 
angular amplitude of 40°. When its angular displacement is (a) 
20°, the tension in the string is greater than mg cos 20°. 
(1984 - 2 Marks) 
The pulley arrangements of Figs. (a) and (b) are identical. 
The mass of the rope is negligible. In (a) the mass m is lifted 
up by attaching a mass 2m to the other end of the rope. In 
5. An insect crawls up a hemispherical surface very slowly 


(see fig.). The coefficient of friction between the insect and 
the surface is 1/3. If the line joining the center of the 
hemispherical surface to the insect makes an angle a with 
the vertical, the maximum possible value of a is given by 


(2001S) 


(b) tana=3 
(d) coseca=3 


(a) cota=3 
(c) seca=3 


10. 


11. 


The pulleys and strings shown in the figure are smooth and 
of negligible mass. For the system to remain in equilibrium, 


the angle 6 should be (2001S) 
(a) 0° 

(b) 30° 

(c) 45° 

(d) 60° mM mM 

A string of negligible mass going over a 

clamped pulley ofmass m supports a block ” 
of mass M as shown in the figure. The 

force on the pulley by the clamp is given 

by (2001S) 

(a) V2 Mg (b) /2mg 

(Cc) \(M+m/y +m’ g (d) |(M+m)+M ¢ 


What is the maximum value of the force F' such that the 
block shown in the arrangement, does not move? 
(2003S) 


F 


(a) 20N (b) ION 

(c) 12N (d) 15N 

A block P of mass m is placed on a horizontal frictionless 
plane. A second block of same mass m 1s placed on it and is 
connected to a spring of spring constant k, the two blocks 
are pulled by distance A. Block Q oscillates without slipping. 
What is the maximum value of frictional force between the 
two blocks. (2004S) 


(a) kA/2 (b) kA 
(c) pt mg (d) zero 
The string between blocks of mass m 
and 2m is massless and inextensible. 
The system is suspended by a 
massless spring as shown. If the string 
is cut find the magnitudes of 
accelerations of mass 2m and m 
(immediately after cutting) 

(2006 - 3M, —1) 


@sg OH &5 OF8 @ 5.5 

Two particles of mass m each are tied at the ends of a light 
string of length 2a. The whole system is kept on a frictionless 
horizontal surface with the string held tight so that each mass 
is at a distance 'a' from the centre P (as shown in the figure). 
Now, the mid-point of the string is pulled vertically upwards 
with a small but constant force F. As a result, the particles 


12. 


13. 


14. 


15. 


Topic-wise Solved Papers - PHYSICS 


move towards each other on the surface. The magnitude of 
acceleration, when the separation between them becomes 


2x, 1S (2007) 
F a 

@) on [22 
mM Ja‘ —x 
F x 

© ona 
mM Ja" —x 
F x 

(c) 2ma 
F a? — x? 

(d) 2m x 


A particle moves in the X-Y plane under the influence of a 
force such that its linear momentum is 
p(t) = A [i cos(At) — j sin(kt)], where.A and kare constants. 
The angle between the force and the momentum is (2007) 
(a) (b) 30° 
(c) 45° (d) 90° 
A block of base 10 cm x 10 cm and height 15 cm is kept on an 
inclined plane. The coefficient of friction between them is 
J3. The inclination 6 of this inclined plane from the 
horizontal plane is gradually increased from 0°. Then 
(2009) 
(a) at@=30°, the block will start sliding down the plane 
(b) the block will remain at rest on the plane up to certain @ 
and then it will topple 
(c) at@=60°, the block will start sliding down the plane 
and continue to do so at higher angles 
(d) at6=60°, the block will start sliding down the plane 
and on further increasing 9, it will topple at certain 0. 
A block of mass m is on an inclined plane of angle 8. The 
coefficient of friction between the block and the plane is u 
and tan 8 > w. The block is held stationary by applying a 
force P parallel to the plane. The direction of force pointing 
up the plane is taken to be positive. As P is varied from 
P, = mg(sinO — pt cos@ ) to P, = mg(sinO + p cos@), the 
frictional force f versus P graph will look like (2010) 
f f 


A ball of mass (m) 0.5 kg is attached to 
the end of a string having length (L) 
0.5 m. The ball is rotated on a 
horizontal circular path about vertical 
axis. The maximum tension that the 
string can bear is 324 N. The maximum 


possible value of anguar velocity of 


ball (in radian/s) is (2011) 
(a) 9 (b) 18 ™ 
(c) 27 (d) 36 
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16. The image of an object, formed by a plano-convex lens at a 


1. 


distance of 8 m behind the lens, is real is one-third the size of 


2 
the object. The wavelength of light inside the lens is 3 


times the wavelength in free space. The radius of the curved 
surface of the lens is (JEE Ady. 2013) 
(b) 2m 


(a) lm 
(c) 3m (d) 6m 


ipa MCQs with One or More than One Correct 


In the arrangement shown in the Fig, the ends P and Q of an 
unstretchable string move downwards with uniform speed 
U. Pulleys A and B are fixed. (1982 -3 Marks) 
Mass M moves upwards with a speed 


(a) 2Ucos 8 
(b) U/cos 8 


(c) 2U/cos 8 


(d) Ucos8@ 


A reference frame attached tothe earth (1986 - 2 Marks) 

(a) isan inertial frame by definition. 

(b) cannot be an inertial frame because the earth is 
revolving round the sun. 

(c) isan inertial frame because Newton’s laws are applicable 
in this frame. 

(d) cannot be an inertial frame because the earth is rotating 
about its own axis. 

A simple pendulum of length Z and mass (bob) M is 

oscillating in a plane about a vertical line between angular 

limit— and+9 . For an angular displacement 6 (|0|< ©), 

the tension in the string and the velocity of the bob are T 

and V respectively. The following relations hold good under 

the above conditions : (1986 - 2 Marks) 

(a) Tcos § =Mg. 

2 

(b) T—Mgcos 9 = lal 

(c) The magnitude of the tangenial acceleration of the bob 
lar | =gsin 0 

(d) T=Mgcos 9 

A particle P is sliding down a frictionless hemispherical bowl. 

It passes the point A at ¢ = 0. At this instant of time, the 

horizontal component of its velocity is v. A bead Q of the 

same mass as P is ejected from A at t=0 along the horizontal 

string AB, with the speed v. Friction between the bead and 

the string may be neglected. Let t, and to be the respective 

times taken by P and Q to reach the point B. Then : 

(1993-2 Marks) 


(a) p < lo Q 

A B 
(b) !p=lo 
(c) [p> lo P C 


tp _ length of arc ACB 
(d) to _ length of arc AB 


P-15 


A small block of mass of 0.1 kg lies on a fixed inclined plane 
PQ which makes an angle 9 with the horizontal. A horizontal 
force of 1 N acts on the block through its centre of mass as 
shown in the figure. (2012) 


The block remains stationary if (take g = 10 m/s?) 
(a) 8=45° 
(b) 0>45°andafrictional OQ 
force acts on the block 
towards P. 
(c) @>45° anda frictional 
force acts on the block a 
towards Q. O P 
(d) @<45° anda frictional force acts on the block towards Q. 
A wire, which passes through the hole 
in a small bead, is bent in the form of 
quarter of a circle. The wire is fixed 
vertically on ground as shown in the 
figure. The bead is released from near 
the top of the wire and it slides along 
the wire without friction. As the bead 
moves from A to B, the force it applies 
on the wire is (JEE Ady. 2014) 
(a) always radially outwards 
(b) always radially inwards 
(c) radially outwards initially and radially inwards later 
(d) radially inwards initially and radially outwards later 


A 
B 
——S—SSSS_zss| 


Subjective Problems 


In the diagram shown, the 
blocks A, B and C weight, 
3 kg, 4 kg and 5 kg 
respectively. The coefficient 
of sliding friction between 
any two surface is 0.25. A is held at rest by a massless rigid 
rod fixed to the wall while B and C are connected bya light 
flexible cord passing around a frictionless pulley. Find the 
force F necessary to drag C along the horizontal surface to 
the left at constant speed. Assume that the arrangement 
shown in the diagram, B on C and A on B, is maintained all 
through. (g = 9.8 m/s?) (1978) 
Two cubes of masses m, and 
m, be on two frictionless | 
slopes of block A which rests 
on a horizontal table. The 
cubes are connected by a 
string which passes over a 
pulley as shown in the figure. 
To what horizontal acceleration 
f should the whole system (that is blocks and cubes) be 
subjected so that the cubes do not slide down the planes. 
What is the tension of the string in this situation? (1978) 
A horizontal uniform rope of length Z, resting on a 
frictionless horizontal surface, is pulled at one end by force 
F’. What is the tension in the rope at a distance / from the 
end where the force is applied? (1978) 


Masses M,, M, and M, are connected by strings of negligible 
mass which pass over massless and friction less pulleys P, 
and P, as shown in fig The masses move such that the 
portion of the string between P, and P, in parallel to the 
inclined plane and the portion of the string between P, and 
M, is horizontal. The masses M, and M, are 4.0 kg each and 
the coefficient of kinetic friction between the masses and 
the surfaces 1s 0.25. The inclined plane makes an angle of 
37° with the horizontal. (1981- 6 Marks) 


If the mass M, moves downwards with a uniform velocity, 

find 

(i) the mass of M, 

(1) The tension in the horizontal portion of the string 
(g=9.8 m/sec’, sin 37° ~ 3/5) 

A particle of mass m rests on a horizontal floor with which it 

has a coefficient of static friction |. It is desired to make the 


body move by applying the minimum possible force F. Find 
the maguitude of F’ and the direction in which it has to be 
applied. (1987 - 7 Marks) 
Two blocks of mass 2.9 kg and 1.9 kg are 
suspended from a rigid support S by two 
inextensible wires each of length 1 meter, see 
fig. The upper wire has negligible mass and 
the lower wire has a uniform mass of 0.2 kg/m. 
The whole system of blocks wires and 
support have an upward acceleration of 0.2 
m/s’. Acceleration due to gravity is 9.8 m/s?. 


(1989 - 6 Marks) 


(i) Find the tension at the mid-point of the 

lower wire. 
(1) Find the tension at the mid-point of the 

upper wire. 
A smooth semicircular wire-track of radius R 1s fixed in a 
vertical plane. One end ofa massless spring of natural length 
3R/4 is attached to the lowest point O of the wire-track. A 
small ring of mass m, which can slide on the track, is 
attached to the other end of the 
spring. The ring is held 
stationary at point P such that 
the spring makes an angle of 
60° with the vertical. The 
spring constant K= mg/R. 
Consider the instant when the 
ring 1s released, and (1) draw 
the free body diagram of the 
ring, (11) determine the 
tangential acceleration of the 
ring and the normal reaction. 

(1996 - 5 Marks) 


8. 


10. 


11. 
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A particle of mass 10-7 kg is moving along the positive x 
axis under the influence of a force F(x) = — K/(2x) where 
K=10? Nm’. At time t= 0 it is atx = 1.0 m and its velocity 
isv=0. (1998 - 8 Marks) 
(a) Find its velocity when it reaches x = 0.50 m. 
(b) Find the time at which it reaches x = 0.25 m. 
In the figure masses m,, m, and M are 20 kg, 5 kg and 50 kg 
respectively. The coefficient of friction between M and 
ground is zero. The coefficient of friction between m, and M 
and that between m, and ground is 0.3. The pulleys and the 
strings are massless. The string is perfectly horizontal 
between P, and m, and also between P, and m.. The string 
is perfectly vertical between P, and P,. An external horizontal 
force F is applied to the mass M. Take g = 10 m/s?. 

(2000 - 10 Marks) 


(a) Drawa free body diagram for mass M, clearly showing 
all the forces. 
(b) Let the magnitude of the force of friction between m, 
and Mbe f, and that between m, and ground be f,. For 
a particular F it is found that f, = 2/,. Find f, and f,. 
Write equations of motion of all the masses. Find F, 
tension in the string and acceleration of the masses. 
Two block A and B of equal masses are placed on rough 
inclined plane as shown in figure. When and where will the 
two blocks come on the same line on the inclined plane 
if they are released simultaneously? Initially the block A 


is J/2 m behind the block B. Co-efficient of kinetic 


friction for the blocks A and B are 0.2 and 0.3 respectively 
(g=10 m/s’). (2004 - Marks) 


y iS 
A circular disc with a groove along its diameter is placed 
horizontally on a rough surface. A block of mass | kg is 
placed as shown. The co-efficient of friction between the 
block and all surfaces of groove and horizontal surface in 


z 
contact is 1 = 5. The disc has an acceleration of 25 m/s? 


towards left. Find the acceleration of the block with respect 


: mo 
5 


4 
to disc. Given cos 8 = 5 (2006 - 6M) 


25 els 
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F Match the Following 


DIRECTIONS (Q. No. 1) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of 


which ONLY ONE is correct. 


1. Ablock of mass m, = 1 kg another mass m, = 2 kg, are placed together (see figure) on an inclined plane with 
angle of inclination 0. Various values of @ are given in List-I. The coefficient of friction between the block m, 
and plane is always zero. The coefficient of static and dynamic friction between the block m, and the plane 
are equal to .= 0.3. In List-II expressions for the friction on block m, are given. Match the correct expression 
of the friction in List-II with the angles given in List-I, and choose the correct option. The acceleration due 


to gravity is denoted by g. 


[Useful information: tan (5.5°) ~ 0.1; tan (11.5°) ~0.2; tan (16.5°) z 0.3] 


(JEE Adv. 2014) 


List-I List-II 
P. @=5° 1. mpg sind 
Q. 6=10° 2. (m,+m))g sinO 
R. O=15° 3. pumg cosO 
S.  6=20° 4. wm, + m,)g cosO 


Code: 
(a) P-1,Q-1,R-1,S-3 


‘em =6Comprehension Based Questions 


PARAGRAPH 
A frame of reference that is accelerated with respect to an inertial 
frame of reference is called a non-inertial frame of reference. A 
coordinate system fixed on a circular disc rotating about a fixed 
axis with a constant angular velocity @ 1s an example of non- 
inertial frame of reference. The relationship between the force 


Frot experienced by a particle of mass m moving on the rotating 


disc and the force F,,, experienced by the particle in an inertial 
frame of reference is 


Frot = Fin + 2m (Vrot x o)+ m(o xr) xO. 
where y,o is the velocity of the particle in the rotating frame of 


reference and ; is the position vector of the particle with respect 
to the centre of the disc. 

Now consider a smooth slot along a 
diameter of a disc of radius R rotating 
counter-clockwise with a constant 
angular speed w about its vertical 
axis through its center. We assign a 
coordinate system with the origin 
at the center of the disc, the x-axis 
along the slot, the y-axis 
perpendicular to the slot and the z-axis along the rotation axis 


(o =O k) . Asmall block of mass m 1s gently placed in the slot at 


r(R / 2)i at t= 0 and 1s constrained to move only along the slot. 
1. The distance r of the block attimetis (JEE Adv. 2016) 


(a) a (0 +e") (b) 0s ot 
R/ 2t , 2ot R 
(c) 77 (c +e ) (d) ra 2@t 


(b) P-2,Q-2,R-2,53  (c) 


H Assertion & Reason Type Questions 


I Integer Value Correct Type 


P-2, Q-2, R-2, S-4 (d) P-2, Q-2, R-3, S-3 


The net reaction of the disc on the block is (JEE Ady. 2016) 


A 


(a) =morR (ec -e 7°) j+mgk 
1 7 n ~ 
(b) =morR(e" ~e °t) j+mgk 


(c) -m@*Rcosw@t j-mgk 


(d) mo@’Rsinsot i- mgk 


STATEMENT-1: Acloth covers a table. Some dishes are 

kept on it. The cloth can be pulled out without dislodging 

the dishes from the table. 

STATEMENT-2 : For every action there is an equal and 

opposite reaction. (2007) 

(a) Statement-1 is True, Statement-2 1s True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement-1 is True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 is True. 

STATEMENT-1 : It is easier to pull a heavy object than to 

push it on a level ground and 

STATEMENT-2 : The magnitude of frictional force depends 

on the nature of the two surfaces in contact. (2008) 

(a) Statement-1 is True, Statement-2 is True; 
Statement-2 1s a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement -1 is True, Statement-2 is False 

(d) Statement -1 is False, Statement-2 1s True 


A block is moving on an inclined plane making an angle 45° 
with the horizontal and the coefficient of friction is uw. The 
force required to just push it up the inclined plane is 3 times 
the force required to just prevent it from sliding down. If we 
define N = 10 , then N is (2011) 


= eo Ss opic-wise Solved Papers - PHYSICS 


JEE Main / GIEEE 


1. 


B Section-B 


If a body looses half of its velocity on penetrating 3 cm ina 
wooden block, then how much will it penetrate more before 


coming to rest? [2002] 
(a) lcm (b) 2cm 
(c) 3cm (d) 4cm. 


A lift is moving down with acceleration a. A man in the lift 
drops a ball inside the lift. The acceleration of the ball as 
observed by the man in the lift and a man standing stationary 


on the ground are respectively [2002] 
(a) &&8 (b) g-ag-a 
(Cc) §-4,8 (d) ag 


When forces F,, F’,, F', are acting on a particle of mass m 
such that F’, and F, are mutually perpendicular, then the 
particle remains stationary. If the force F’, is now removed 
then the acceleration of the particle is [2002] 
(a) F/m (b) F,F,/mF, 

(c) (F,-F,)/m (d) FyYm. 

Two forces are such that the sum of their magnitudes 1s 18 N 
and their resultant is 12 N which is perpendicular to the 
smaller force. Then the magnitudes of the forces are 
(a) 12N,6N (b) 13N,5N 

(c) 10N,8N (d) 16N, 2N. 

Speeds of two identical cars are u and 4u at the specific 
instant. The ratio of the respective distances in which the 


[2002] 


two cars are stopped from that instant 1s [2002] 
(a) 1:1 (b) 1:4 
(c) 1:8 (d) 1:16. 


A light string passing over a smooth light pulley connects 
two blocks of masses m, and m, (vertically). If the 
acceleration of the system is g/8, then the ratio of the masses 


(a) 8:1 (b) 9:7 
(c) 4:3 (d) 5:3. 


Three identical blocks of masses m = 2 kg are drawn by a 
force F = 10. 2 N with an acceleration of 0. 6 ms on a 
frictionless surface, then what is the tension (in N) in the 
string between the blocks B and C? [2002] 


(d) 98 

One end of a massless rope, which passes over a massless 
and frictionless pulley P is tied to a hook C while the other 
end is free. Maximum tension that the rope can bear is 360 
N. With what value of maximum safe acceleration (in ms~) 
can aman of 60 kg climb on the rope? [2002] 
a) 16 

(a) . 

(b) 6 

C 
(c) 4 
(d) 8 


(c) 4 


9. 


10. 


11. 


12. 


13. 


14. 


15. 


A spring balance is attached to the ceiling of a lift. A man 
hangs his bag on the spring and the spring reads 49 N, 
when the lift is stationary. If the lift moves downward with 
an acceleration of 5 m/s?, the reading of the spring balance 
will be ]2003] 
(a) 24N (b) 74N 

(c) 15N (d) 49N 

Three forces start acting simultaneously (C 

on a particle moving with velocity, ¥ 

These forces are represented in 

magnitude and direction by the three 

sides of a triangle ABC. The particle 

will now move with velocity 12003] 


(a) less than y 

(b) greater than y 

(c) v| in the direction of the largest force BC 
(d) ¥,remaining unchanged 
A horizontal force of 10 N is 
necessary to just hold a block 
stationary against a wall. The 
coefficient of friction between 
the block and the wall is 0.2. 
The weight of the block is 


ION 


/ 
(a) 20N (b) SON |2003} 
(c) 100N (d) 2N 

A marble block of mass 2 kg lying on ice when given a 
velocity of 6 m/s is stopped by friction in 10 s. Then the 


coefficient of friction is ]2003] 
(a) 0.02 (b) 0.03 
(c) 0.04 (d) 0.06 


A block of mass M 1s pulled along a horizontal frictionless 

surface by a rope of mass m. If a force P is applied at the free 

end of the rope, the force exerted by the rope on the block is 
Pm Pm 


@ 7 ) 7 — 12003} 
PM 
() P @ 7 


A light spring balance hangs from the hook of the other 

light spring balance and a block of mass M kg hangs from 

the former one. Then the true statement about the scale 

reading 1s ]2003] 

(a) Both the scales read M kg each 

(b) Thescale of the lower one reads M kg and of the upper 
one zero 

(c) The reading of the two scales can be anything but the 
sum of the reading will be Mkg 

(d) Both the scales read M/2 kg each 

A rocket with a lift-off mass 3.5 x 10*kg is blasted upwards 

with an initial acceleration of 10m/s*. Then the initial thrust 

of the blast is ]2003] 


(a) 3.5x10°N (b) 7.0x10°N 
(C) 14.0x10°N (d) 1.75x10°N 
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16. 


17. 


18. 


19. 


20. 


21; 


aes 


Two masses m =5kg and m, =4.8 kg tied to a string 


are hanging over a light frictionless pulley. What is the 
acceleration of the masses when left free to move ? 


(g =9.8m/s7) [2004] 
(a) 5 m/s? 

(b) 9.8 m/s” 

(c) 0.2 m/s” 

(d) 4.8 m/s? 


A block rests on a rough inclined plang making an angle of 
30° with the horizontal. The coefficient of static friction 
between the block and the plane is 0.8. If the frictional force 
on the block is 10 N, the mass of the block (in kg) is 


(take g = 10 m/s”) [2004] 
(a) 16 (b) 4.0 
(c) 2.0 (d) 25 


A smooth block is released at rest on a 45° incline and then 
slides a distance ‘d’. The time taken to slide is ‘n’ times as 
much to slide on rough incline than on a smooth incline. 
The coefficient of friction 1s [2005] 


1 
@ w= >) a= ae) 
1 


© w= jl-> @ wars 


n n 
A parachutist after bailing out falls 50 m without friction. 


When parachute opens, it decelerates at 2 m/ s* . He 
reaches the ground with a speed of 3 m/s. At what height, 


did he bail out ? [2005] 
(a) 182m (b) 91m 
(c) 1lllm (d) 293m 


A bullet fired into a fixed target loses half of its velocity after 
penetrating 3 cm. How much further it will penetrate before 
coming to rest assuming that it faces constant resistance to 


motion ? [2005] 
(a) 2.0cm (b) 3.0cm 
(c) 1.0cm (d) 1.5cm 


An annular ring with inner and outer radii R, and R», is 


rolling without slipping with a uniform angular speed. The 
ratio of the forces experienced by the two particles situated 


fy 
on the inner and outer parts of the ring , Fy is  |2005] 
( R,\ Ry R 
—| (b) > a. d) 1 
(a) [ R, J (b) R (Cc) R5 (d) 


The upper half of an inclined plane with inclination 9 is 
perfectly smooth while the lower half is rough. A body 
starting from rest at the top will again come to rest at the 
bottom if the coefficient of friction for the lower halfis given 
by [2005] 
(a) 2cos o (b) 2sin o 


(c) tan (d) 2tan 


23. 


24. 


25. 


26. 


2]. 


28. 


29, 


A particle of mass 0.3 kg subject to a force F = — kx with 
k= 15 N/m. What will be its initial acceleration if it is released 


from a point 20 cm away from the origin ? ]2005] 
(a) 15 m/s” (b) 3 m/s” 
(c) 10 m/s? (d) 5 m/s? 


A block is kept on a frictionless inclined surface with angle 
of inclination ‘ q@ ’ . The incline is given an acceleration ‘a’ to 
keep the block stationary. Then a is equal to ]2005] 


(a) g coseca (b) g/tana 

(c) gtana (d) g 

Consider a car moving on a straight road with a speed of 
100 m/s . The distance at which car can be stopped 1s 


[, =0.5] ]2005] 
(a) 1000m (b) 800m 
(c) 400m (d) 100m 


A mass of M kg is suspended by a weightless string. The 
horizontal force that is required to displace it until the string 
makes an angle of 45° with the initial vertical direction is 


(a) Me(V2 +1) (b) Mg V2 12006] 


Mg 
(c) 2 
A ball of mass 0.2 kg is thrown vertically upwards by applying 
a force by hand. Ifthe hand moves 0.2 m while applying the 
force and the ball goes upto 2 m height further, find the 
magnitude of the force. (Consider g = 10 m/s). 
(a) 4N (b) 16N 
(c) 20N (d) 22N 
A player caught a cricket ball of mass 150 g moving at a rate 
of 20 m/s. If the catching process is completed in 0.1s, the 
force of the blow exerted by the ball on the hand of the 


(d) Mg(V2-1) 


12006] 


player is equal to 2006] 
(a) 150N (b) 3N 
(c) 30N (d) 300N 


A coin is placed on a horizontal platform which undergoes 
vertical simple harmonic motion of angular frequency w. The 
amplitude of oscillation is gradually increased. The coin will 
leave contact with the platform for the first time 


(a) atthe mean position of the platform ]2006] 


(b) for an amplitude of — 
0) 


2 
g 
(c) for an amplitude of ~] 


(d) atthe highest position of the platform 


P-20 


30. A block of mass m is connected to another block of mass / 


31. 


by a spring (massless) of spring constant k. The block are 
kept on a smooth horizontal plane. Initially the blocks are at 
rest and the spring is unstretched. Then a constant force F 
starts acting on the block of mass M to pull it. Find the force 


of the block of mass m. [2007] 
MF mF 
® ow (b) = 
(M+m)F d mF 
(c) “a (d) ae 


Two fixed frictionless inclined planes making an angle 30° 
and 60° with the vertical are shown in the figure. Two blocks 
A and B are placed on the two planes. What is the relative 
vertical acceleration of A with respect to B? [2010] 


x & 


on ie” 


(a) 4.9ms~ in horizontal direction 
(b) 9.8 ms~ in vertical direction 
(c) Zero 

(d) 4.9 ms~ in vertical direction 


32. A mass ‘m’ 1s supported by a massless string wound around 


a uniform hollow cylinder of mass m and radius R. If the 
string does not slip on the cylinder, with what acceleration 


will the mass fall or release? [JEE Main 2014] 
0% / 
2) 
(b) = m J 
@ 3 
(d) g NE 


34. 


35. 
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A block of mass m is placed on a surface with a vertical cross 


3 
X 
section given by y = ra If the coefficient of friction is 0.5, 


the maximum height above the ground at which the block can 


be placed without slipping 1s: [JEE Main 2014] 
(a) om (b <m 

6 3 

I l 
(c) 3m (d) 5m 


Given in the figure are two blocks A and B of weight 20 N and 
100 N, respectively. These are being pressed against a wall 
by a force F as shown. If the coefficient of friction between 
the blocks is 0.1 and between block B and the wall is 0.15, the 
frictional force applied by the wall on block B is: 

|JEE Main 2015] 


(a) 120N 

(c) 100N 
A point particle of mass m, moves long the uniformly rough 
track PQR as shown in the figure. The coefficient of friction, 
between the particle and the rough track equals uw. The 
particle is released, from rest from the point P and it comes 
to rest at a point R. The energies, lost by the ball, over the 
parts, PQ and QR, of the track, are equal to each other, and 
no energy is lost when particle changes direction from PQ 
to QR. 
The value of the coefficient of friction p and the distance x 
(= QR), are, respectively close to: [JEE Main 2016] 


Horizontal—> Q 


e 
(b) 0.29and6.5m 
(d) 0.2and3.5m 


Surfac 
(a) 0.29and3.5m 
(c) 0.2and6.5m 
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CHAPTER 


Ifa machine 1s lubricated with oil (1980) 
(a) the mechanical advantage of the machine increases. 
(b) the mechanical efficiency of the machine increases. 
(c) both its mechanical advantage and efficiency increase. 
(d) its efficiency increases, but its mechanical advantage 
decreases. 

Two masses of 1 gm and 4 gm are moving with equal kinetic 
energies. The ratio of the magnitudes of their linear momenta 
is (1980) 
(a) 4:1 () 2:1 (© 1:2 (d) 1:16 
A particle of mass m 1s moving in a circular path of constant 
radius r such that its centripetal acceleration a, is varying 
with time f¢ as a, = = rt? where kis aconstant. The power 
delivered to the ‘particles by the force acting on it 1s: 

(1994 - I Mark) 


(a) 2n mk?r?t (b) mk?r*t 


42 
(c) aaa °) (d) zero 

A spring of force-constant k is cut into two pieces such that 
one piece is double the length of the other. Then the long 
piece will have a force-constant of (1999S - 2 Marks) 
(a) (2/3)k (b) (/2)k (c) 3k (d) 6k 

A wind-powered generator converts wind energy into 
electrical energy. Assume that the generator converts a fixed 
fraction of the wind energy intercepted by its blades into 
electrical energy. For wind speed v, the electrical power 
output will be proportional to (2000S ) 
(a) v (b) v? (c) v (d) v4 

A particle, which is constrained to move along the x-axis, 
is subjected to a force in the same direction which 
varies with the distance x of the particle from the origin as 
F(x) =—kx + ax>. Here k and a are positive constants. For 
x > 0, the functional form of the potential energy U(x) of 


the particle is (2002S ) 
U(x) U(x) 

(a) x (b) xX 
U(x) U(x) 

(c) x @ Xx 


7. 
Cc MCQs with One Correct Answer 


10. 


Work, Energy and 


JEE @dvanced/ IIT-JEE 


An ideal spring with spring-constant k is hung from the 
ceiling and a block of mass M is attached to its lower end. 
The mass is released with the spring initially unstretched. 


Then the maximum extension in the spring is (2002S ) 
4Meg 2Meg Meg Mg 
@ = ®» = OF OF 


If W,, W, and W, represent the work done in moving a 
particle from A to B along three different paths 1,2 and 3 
respectively (as shown) in the gravitational field of a point 
mass m, find the correct relation between W,, W, and W, 
(2003S) 


B 
| 
3 
A 


A particle is acted by a force F = kx, where k is a +ve 
constant. Its potential energy at x = 0 1s zero. Which curve 
correctly represents the variation of potential energy of 
the block with respect to x (2004S) 


U 
x (b) as 

U U 
ye (d) _< 


A block (B) is attached to two unstretched springs S, and 
S, with spring constants k and 4k, respectively (see fig. I). 
The other ends are attached to identical supports M, and 
M, not attached to the walls. The springs and supports 


(a) W,> W,> W, 
(b) W=AW,=W, 
(c) W<W,<W, 


() W>W,>W, 
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11. 


12; 


13. 


have negligible mass. There is no friction anywhere. The 
block B is displaced towards wall 1 by a small distance x 
(figure II) and released. The block returns and moves a 
maximum distance y towards wall 2. Displacements x and y 
are measured with respect to the equilibrium position of the 
block B. The ratio y/x is — (2008) 


(a) 4 


(b) 2 
Two small particles of equal masses start moving in opposite 
directions from a point A in a horizontal circular orbit. Their 
tangential velocities are v and 2v, respectively, as shown in 
the figure. Between collisions, the particles move with 
constant speeds. After making how many elastic collisions, 
other than that at A, these two particles will again reach the 


(c) 12 (d) 1/4 


point A? (2009) 


v A 2v 


(a) 4 (b) 3 (c) 2 (d) 1 

A piece of wire is bent in the shape of a parabola y = kx? 
(y-axis vertical) with a bead of mass m on it. The bead can 
slide on the wire without friction. It stays at the lowest point 
of the parabola when the wire is at rest. The wire is now 
accelerated parallel to the x-axis with a constant acceleration 
a. The distance of the new equilibrium position of the bead, 
where the bead can stay at rest with respect to the wire, 
from the y-axis is (2009) 


oe = 
gk (d) 4 gk 
A block of mass 2 kg is free to move along the x-axis. It is at 
rest and from t= 0 onwards it is subjected to a time-dependent 
force F(t) in the x direction. The force F(t) varies with ¢ as 


shown in the figure. The kinetic energy of the block after 4.5 
seconds is (2010) 


(a) 4.50J 


a a 
Qo © rs © 


(b) 7.50) 


(c) 5.06] 


(d) 14.06) 


14. 


15. 


1» MCQs with One or More than One Correct 


K 
. ln 
t 
K 
(c) - \ ( 
t 


The work done on a particle of mass m by a force, 
x A y A 

a + ——————— 

apy 2 + yj? J 
(K being a constant of appropriate dimensions), when the 
particle is taken from the point (a, 0) to the point (0, a) along 
a circular path of radius a about the origin in the x —y plane 
1s (JEE Ady. 2013) 


2Kr Kn 
@ ——% — © > 


(d) 0 


A tennis ball is dropped on a horizontal smooth surface. It 
bounces back to its original position after hitting the surface. 
The force on the ball during the collision is proportional to 
the length of compression of the ball. Which one of the 
following sketches describes the variation of its kinetic 
energy K with time ¢ most appropriately? The figure are only 
illustrative and not to the scale. 


(JEE Adv. 2014) 


d 


K 
LA. 
t 
K 
LR. 
t 


A body is moved along a straight line bya machine delivering 
constant power. The distance moved by the body in time 
is proportional to (1984-2 Marks) 
(a) pi/2 (b) p3/4 (c) p3/2 (d) {2 
A uniform chain of length L and mass Ms lying on a smooth 
table and one third of its length is hanging vertically down 
over the edge of the table. If g is acceleration due to gravity, 
the work required to pull the hanging part on to the table is 
(1985 - 2 Marks) 
(a) MeL (b) MeL/3 (c) MeL/9 (d) MegL/18 
A particle is acted upon by a force of constant magnitude 
which is always perpendicular to the velocity of the particle. 
The motion of the particle takes place in a plane. It follows 
that : (1987 - 2 Marks) 
(a) its velocity is constant 
(b) its acceleration is constant 
(c) its kinetic energy is constant. 
(d) it moves inacircular path. 
A force F= — K (yi + xj) (where K isa positive constant) acts 
on a particle moving in the xy plane. Starting from the origin, 
the particle is taken along the positive x axis to the point (a, 0), 
and then parallel to the y axis to the point (a, a), The total work 
done by the force F'on the particleis (1998S - 2 Marks) 
(a) —2Ka* (b)2Ka* (c) — Ka? (d) Ka? 
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Work, Energy and Power 
5. 


A stone tied to a string of length L is whirled in a vertical 
circle with the other end of the string at the centre. At a 
certain instant of time, the stone is at its lowest position, 
and has a speed u. The magnitude of the change in its 
ny as it reaches a position where the string is horizontal 


(1998S - 2 Marks) 
(a) ur —2eL 


(b) /2gL 
(Cc) fu? — gL (d) yf 2(u2 — gL) 


A small ball starts moving from.A over a fixed track as shown 
in the figure. Surface AB has friction. From A to B the ball rolls 
without slipping. Surface BC is frictionless. K ,, K, and K, 
are kinetic energies of the ball at A, B and C, respectively. 
Then (2006 - 5M, -1) 


Cc 
A 


B 
(a) hy,>hc; Kp > Ke 
(Cc) hy=hc; Kp=Kc 


(b) hy>hc; Kc >Ky 
(d) hy<hc; Kp>Ke 


E Subjective Problems 


A bullet is fired from a rifle. Ifthe rifle recoils freely, determine 
whether the kinetic energy of the rifle is greater than, equal 
or less than that of the bullet. (1978) 
A spring of force constant k is cut into three equal parts. 
What is force constant of each part? (1978) 
A 20 gm bullet pierces through a plate of mass M, = 1 kg and 
then comes to rest inside a second plate of mass M, = 2.98 
kg. as shown. It is found that the two plates initially at rest, now 
move with equal velocities. Find the a 

percentage loss in the initial velocity 

of the bullet when it is between M,_ | | oo. oN 
and M,. Neglect any loss of material 

of the plates due to the action of the 

bullet. (1979) M, M, 


When a ball is thrown up, the magnitude of its momentum 
decreases and then increases. Does this violate the 


conservation of momentum principle? (1979) 
A D 
G 
B C EB Ja 
(a) (b) 


In the figures (a) and (b) AC, DG and GF are fixed inclined 
planes, BC= EF =x and AB = DE= y. Asmall block of mass 
Mis released from the point A. It slides down AC and reaches 
C with a speed V.. The same block is released from rest from 
the point D. It slides down DGF and reaches the point F 
with speed V. The coefficients of kinetic frictions between 
the block and both the surface AC and DGF are p. (1980) 
Calculate Vand V,, 


Two blocks A and B are 
connected to each other by a 
string and a spring ; the string 
passes over a frictionless pulley 
as shown in the figure. Block B 
slides over the horizontal top 
surface of a stationary block C 
and the block A slides along the 
vertical side of C, both with the 
same uniform speed. 

The coefficient of friction between the surfaces of blocks is 
0.2. Force constant of the spring is 1960 newtons/m. If mass 
of block A is 2 Kg., calculate the mass of block B and the 
energy stored in the spring. (1982 - 5 Marks) 
A 0.5 kg block slides from the point A (see Fig) on a horizontal 
track with an initial speed of 3 m/s towards a weightless 
horizontal spring of length 1 m and force constant 2 Newton/ 
m. The part AB of the track is frictionless and the part BC 
has the coefficients of static and kinetic friction as 0.22 and 
Q 2 respectively. Ifthe distances AB and BD are2 mand 2.14 
m respectively, find the total distance through which the 
block moves before it comes to rest completely. 

(Take g = 10m/s?) (1983 - 7 Marks) 


— 


A BD Cc 


A string, with one end fixed on a rigid wall, passing over a 
fixed frictionless pulley at a distance of 2m from the wall, 
has a point mass M=2kg attached to it at a distance of 1m 
from the wall. A mass m = 0.5 kg attached at the free end is 
held at rest so that the 
string 1s horizontal between the wall M 
and the pulley and vertical beyond 
the pulley. What will be the speed with 
which the mass M will hit the wall 
when the mass m is released ? 

(1985 - 6 Marks) m 
A simple pendulum is suspended from a peg on a vertical 
wall. The pendulum is pulled away from the wall to a 
horizontal position (see fig.) and released. The ball hits the 


wall, the coefficient of restitution being = 


ica 


(1987 - 7 Marks) 


What is the minimum number of collisions after which the 
amplitude of oscillations becomes less than 60 degrees ? 


i0. 


11. 


DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-I]I are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 


Two blocks of mass 2 kg and M are at rest on an inclined 
plane and are separated by a distance of 6.0 m as shown in 
Figure. The coefficient of friction between each of the blocks 
and the inclined plane is 0.25. The 2 kg block is given a 
velocity of 10.0 m/s up the inclined plane. It collides with M, 
comes back and has a velocity of 1.0 m/s when it reaches its 
initial position. The other block M after the collision moves 
0.5 m up and comes to rest. Calculate the coefficient of 
restitution between the blocks and the mass of the block M. 


[Take sin 6 = tan0 = 0.05and g =10m/s”.] 
(1999 - 10 Marks) 


A spherical ball of mass m is kept at the highest point in the 
space between two fixed, concentric spheres A and B (see 
figure). The smaller sphere A has a radius R and the space 
between the two spheres has a width d. The ball has a 
diameter very slightly less than d. All surfaces are 


Match the Following 
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frictionless. The ball is given a gentle push (towards the 
right in the figure). The angle made by the radius vector of 
the ball with the upward vertical is denoted by 8 (shown in 
the figure). (2002 - 5 Marks) 


Sphere B 


Sphere A 


(a) Express the total normal reaction force exerted by the 
sphere on the ball as a function of angle 0. 

(b) Let N,and Nz denote the magnitudes of the normal 
reaction forces on the ball exerted by the sphere 4 and 
B, respectively. Sketch the variations of NV, and N, as 
functions of cos 9 in the range 0<6<7 by drawing 
two separate graphs in your answer book, taking cos 
8 on the horizontal axes. 


have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 


bubbles will look like the given. 


1. 


P gr sit 


A particle of unit mass is moving along the x-axis under the influence of a force and its total energy is conserved. Four possible 
forms of the potential energy of the particle are given in column I (a and U) constants). Match the potential energies in column 


I to the corresponding statement(s) in column II. 


Column I Column II 

Up x 5 : 

(A) UQ)=—> \-(2] (P) 
Uo Xx . 

(B) U,@)= 2(=) (q) 
Uy (x : x : 

© U;@)= (2) — (2) ) 
Up | * I(x) 

©) UW=>\a ala (s) 


The force acting on the particle is zero at x=a 


The force acting on the particle is zero at x = 0 


The force acting on the particle is zero at x =—a 


The particle experiences an attractive force towards x = 0 in the region |x|<a 


U, 
(t) The particle with total energy 7 can oscillate about the point x =—a 
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in the figure below, is 150 J. 
(Take the acceleration due to gravity, g = 10 ms~) 


‘em =6Comprehension Based Questions 


PASSAGE-1 
A small block of mass M moves on a frictionless surface of an 
inclined plane, as shown in figure. The angle of the incline suddenly 
changes from 60° to 30° at point B. The block is initially at rest at 
A. Assume that collisions between the block and the incline are 
totally inelastic (g = 10 m/s?). (2008) 


J3m 3/3m 


1. The speed of the block at point B immediately after it strikes 
the second incline is — 


(a) ./60 m/s (b) ./45 m/s 
(c) ./30 m/s (d) 15 m/s 


2. The speed of the block at point C, immediately before it 
leaves the second incline is 


(a) 120 m/s (b) V105 m/s 
(c) 90 m/s (d) 75 m/s 


3.  Ifcollision between the block and the incline is completely 
elastic, then the vertical (upward) component of the velocity 
of the block at point B, immediately after it strikes the second 


incline is — 

(a) 30 m/s (b) VI15 m/s 

(c) 0 (d) —V15 m/s 
PASSAGE-2 


A small block of mass | kg is released from rest at the top of a 
rough track. The track 1s a circular arc of radius 40 m. The block 
slides along the track without toppling and a frictional force acts 
on it in the direction opposite to the instantaneous velocity. The 
work done in overcoming the friction up to the point Q, as shown 


H Assertion & Reason Type Questions 


(JEE Adv. 2013) 


Pod 
Pid 
. 


O 

The magnitude of the normal reaction that acts on the block 
at the point Q is 

(a) 7.5N (b) 8.6N 

(c) 11.5N (d) 22.5N 

The speed of the block when it reaches the point Q is 

(a) Sms! (b) 10ms! 


(c) 103 ms”! (d) 20ms7! 


STATEMENT-1 : A block of mass m starts moving on a 

rough horizontal surface with a velocity v. It stops due to 

friction between the block and the surface after moving 

through a certain distance. The surface is now tilted to an 

angle of 30° with the horizontal and the same block 1s made 

to go up on the surface with the same initial velocity v. The 

decrease in the mechanical energy in the second situation 

is smaller than that in the first situation. 

STATEMENT-2 : The coefficient of friction between the 

block and the surface decreases with the increase in the 

angle of inclination. (2007) 

(a) Statement—1 is True, Statement—2 is True; Statement— 
2 is acorrect explanation for Statement—1 

(b) Statement—1 is True, Statement—2 is True; Statement— 
21s NOT a correct explanation for Statement—1 

(c) Statement—1 is True, Statement—2 1s False 

(d) Statement—1 is False, Statement—2 is True 


I Integer Value Correct Type 


A light inextensible string that goes over a 
smooth fixed pulley as shown in the figure 
connects two blocks of masses 0.36 kg and 
0.72 kg. Taking g = 10 m/s?, find the work 
done (in joules) by the string on the block 
of mass 0.36 kg during the first second after 
the system is released from rest. (2009) 
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3. 


Three objects A, B and C are kept in a straight line on a 
frictionless horizontal surface. These have masses m, 2m 
and m, respectively. The object A moves towards B with a 
speed 9 m/s and makes an elastic collision with it. There 
after, B makes completely inelastic collision with C. All 
motions occur on the same straight line. Find the final speed 
(in m/s) of the object C. (2009) 


a” ” 
A B C 


A block of mass 0.18 kg is attached to a spring of force- 
constant 2 N/m. The coefficient of friction between the block 
and the floor is 0.1. Initially the block is at rest and the 
spring is un-stretched. An impulse is given to the block as 
shown in the figure. The block slides a distance of 0.06 m 
and comes to rest for the first time. The initial velocity of the 


Section-B 


[2003] 


A. Linear momentum ofa system of particles 1s zero 


Consider the following two statements : 


B. Kinetic energy of a system of particles is zero. 
Then 
(a) A does not imply B and B does not imply A 
(b) A implies B but B does not imply A 
(c) A does not imply B but B implies A 
(d) Aimplies Band B implies A 
A wire suspended vertically from one of its ends is stretched 


by attaching a weight of 200N to the lower end. The weight 
stretches the wire by 1 mm. Then the elastic energy stored 


in the wire is [2003] 
(a) 0.2J (b) 10J 
(c) 20J (d) O.1J 


A spring of spring constant 5 x 10° N/m is stretched initially 
by 5cm from the unstretched position. Then the work 


required to stretch it further by another 5 cm is [2003] 
(a) 12.50 N-m (b) 18.75 N-m 
(c) 25.00 N-m (d) 625 N-m 


JEE Main / GIEEE 


block in m/s is V = N/10. Then N is 


=f ref 


A particle of mass 0.2 kg is moving in one dimension under a 
force that delivers a constant power 0.5 W to the particle. If 
the initial speed (in ms’) of the particle is zero, the speed (in 
ms™!) after 5 sis (JEE Adv. 2013) 
Consider an elliptical shaped rail PQ in the vertical plane 
with OP=3 mand OQ=4 m. A block of mass 1 kg is pulled 
along the rail from P to Q with a force of 18 N, which is 
always parallel to line PQ (see the figure given). Assuming 
no frictionless losses, the kinetic energy of the block when it 
reaches Qis(n x 10) joules. The value of7 1s (take acceleration 
due to gravity = 10 ms~?) (JEE Ady. 2014) 


(2011) 


A body is moved along a straight line by a machine 
delivering a constant power. The distance moved by the 
body in time ‘?’ is proportional to ]2003] 
(a) 13/4 (b) 23? 
(c) pi/4 (d) pi/2 


A particle moves in a straight line with retardation 
proportional to its displacement. Its loss of kinetic energy 


for any displacement x is proportional to ]2004] 
(a) x (b) & 
(c) x (d) log,x 


A uniform chain of length 2 m is kept on a table such that a 
length of 60 cm hangs freely from the edge of the table. The 
total mass of the chain is 4 kg. What is the work done in 


pulling the entire chain on the table ? ]2004] 
(a) 12J (b) 3.6] 
(c) 7.2J (d) 1200J 


A force F =(5i +37 +2k)N is applied over a particle 
which displaces it from its origin to the point 7 = (2i — j)m. 


The work done on the particle in joules is ]2004] 
(a) +10 (b) +7 
(c) —7 (d) +13 
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8. 


10. 


11. 


12, 


13. 


14. 


A body of mass ‘m’, accelerates uniformly from rest to ‘v,’ 
in time ‘t,’. The instantaneous power delivered to the body 


as a function of time ‘?’ is [2004] 
mvt? mv? t myt mv? t 
(a) ("2 © | (d) 
ty aT 1 Ay 


A Particle is acted upon by a force of constant magnitude 
which is always perpendicular to the velocity of the particle, 
the motion of the particles takes place in a plane. It follows 
that [2004] 


(a) its kinetic energy is constant 
(b) its acceleration is constant 
(c) its velocity is constant 

(d) it moves in a straight line 


The block of mass M moving on the frictionless horizontal 
surface collides with the spring of spring constant & and 
compresses it by length LZ. The maximum momentum of 


the block after collision is [2005] 
(a) kL (b) Mk L(c) ML" (d) zero 
2M k 


A spherical ball of mass 20 kg is stationary at the top of a hill 
of height 100 m. It rolls down a smooth surface to the ground, 
then climbs up another hill of height 30 m and finally rolls 
down to a horizontal base at a height of 20 m above the 


ground. The velocity attained by the ball is [2005] 
(a) 20 m/s (b) 40 m/s 
(c) 10/30 m/s (d) 10 m/s 


A body of mass m is accelerated uniformly from rest to a 
speed v in a time T. The instantaneous power delivered to 
the body as a function of time is given by [2005] 


2 


( ) mv , 
a — -_ 8 
T? 


a 4 1 mv 


2 game Lat 2 gy Lm 
OF | () 72 


A particle of mass 100g is thrown vertically upwards with a 
speed of 5 m/s. The work done by the force of gravity 


during the time the particle goes up is ]2006| 
(a) -0.5J (b) -1.25J 
(c) 1.25J (d) O5J 
The potential energy of a 1 kg particle free to move along 
the x-axis is given by V(x) = & — a J 

4 2 


16. 


17. 


18. 


19. 


p-27 


The total mechanical energy of the particle is 2 J. Then, the 
maximum speed (in m/s) is [2006] 


3 l 
a™ fF OV2 O F (d) 2 
A 2 kg block slides on a horizontal floor with a speed of 4m/s. 
It strikes a uncompressed spring, and compresses it till the 
block is motionless. The kinetic friction force is 15N and 
spring constant is 10,000 N/m. The spring compresses by 


(a) 85cm (b) 5.5cm [2007| 
(c) 2.5cm (d) 11.0cm 

An athlete in the olympic games covers a distance of 100 m 
in 10 s. His kinetic energy can be estimated to be in the 
range [2008] 
(a) 200J-500J (b) 2x 10°J-3x10°J 

(c) 20,000J-50,000J (d) 2,000J-5,000J 

A block of mass 0.50 kg is moving with a speed of 2.00 ms“! 
on a smooth surface. It strikes another mass of 1.00 kg and 
then they move together as a single body. The energy loss 


during the collision is [2008] 
(a) 0.16J (b) 1.00J 
(c) 0.67J (d) 0.34J 


The potential energy function for the force between two 
atoms in a diatomic molecule is approximately given by 


a b 
U(x) = ja ~ 76> where a and bare constants and x is the 
x“ Xx 


distance between the atoms. If the dissociation energy of 

the molecule is D = |U (x = 0) — Ua equilibrium iF Dis 
[2010] 

o a b ; b 

2a 12a Aa 6a 


This question has Statement 1 and Statement 2. Of the four 
choices given after the Statements, choose the one that 
best describes the two Statements. 


(a) 


If two springs S, and S, of force constants k, and &,, 
respectively, are stretched by the same force, it is found 
that more work is done on spring S, than on spring S,. 
STATEMENT 1 : If stretched by the same amount work 
done on S, Work done on S, is more than S, 
STATEMENT 2:4, <k, 


(a) Statement 1 is false, Statement 2 1s true. 


[2012] 


(b) Statement 1 1s true, Statement 2 is false. 
(c) Statement 1 is true, Statement 2 is true, Statement 2 is 
the correct explanation for Statement 1 


(d) Statement 1 is true, Statement 2 is true, Statement 2 is 
not the correct explanation for Statement 1 


20. When a rubber-band is stretched by a distance x, it exerts 


restoring force of magnitude F = ax + bx? where a and bare 
constants. The work done in stretching the unstretched 


rubber-band by L 1s: [JEE Main 2014] 
1 
(a) al? +bL? (b) 5 (al? + bl’) 
2 3 
al? bil? lj al’ bL 
—= — + —— 
(C) 7 3 (d) 7° 3 
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A person trying to lose weight by burning fat lifts a mass of 
10 kg upto a height of 1 m 1000 times. Assume that the 
potential energy lost each time he lowers the mass is 
dissipated. How much fat will he use up considering the 
work done only when the weight is lifted up? Fat supplies 
3.8 x 10’ J of energy per kg which is converted to mechanical 
energy with a 20% efficiency rate. Take g = 9.8 ms: 


[JEE Main 2016] 
(b) 12.89 103k 
(d) 6.45 103k 


(a) 9.89x 103kg 
(c) 2.45x 103kg 
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A Fill inthe Blanks 


1. 
Zs 
Zz 
3) 
.) 
es 


A particle of mass 4 m which 1s at rest explodes into three 
fragments. Two of the fragments each of mass m are found 
to move with a speed v each in mutually perpendicular 
directions. The total energy released in the process of 
explosion Is ............ (1987 - 2 Marks) 
The magnitude of the force (in newtons) acting on a body 
varies with time ¢(in micro seconds) as shown in the fig AB, 
BC and CD are straight line segments. The magnitude of 
the total impulse of the force on the body from t= 4 us to 


t= 1OUSIS ........0.0... Ns. (1994 - 2 Marks) 
C 

800 

600 

400 

200 


i : 


02 4 6 8 10 12 14 16 
Time (u s)—> 


C MCQs with One Correct Answer 


Two particles of masses m, and m, in projectile motion have 
velocities ¥, and Vv, respectively at time t= 0. They collide 
at time ¢,. Their velocities become v,' and v4 ' at time 2¢, 
while © still value of 


(2001S) 


moving in air. The 
(my, "4 MV ')— (mi + MV ) 1S 


(a) zero (b) (m +m) gt, 


| 
(c) 5 (m +m) Bt (d) 2(m, +m,)gt, 
Two blocks of masses 10 kg and 4 kg are connected by a 
spring of negligible mass and placed on a frictionless 
horizontal surface. An impulse gives a velocity of 14 m/s to 
the heavier block in the direction of the lighter block. The 


velocity of the centre of mass 1s (2002S) 
(a) 30m/s (b) 20m/s 
(c) 10m/s (d) 5m/s 


A ball of mass 0.2 kg rests on a vertical post of height 5 m. A 
bullet of mass 0.01 kg, traveling with a velocity V m/s ina 


1pm MCQs with One or More than One Correct 


Momentum and Impulse 
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horizontal direction, hits the centre of the ball. After the 
collision, the ball and bullet travel independently. The ball 
hits the ground at a distance of 20 m and the bullet at a 
distance of 100 m from the foot of the post. The velocity V 
of the bullet is (2011) 


V m/s 
—> 


- — 
-— 
~ 
= 


OQ 20 100 
(a) 250m/s (b) 250J/2 m/s 
(c) 400m/s (d) 500m/s 


A particle of mass m is projected from the ground with an 

initial speed u, at an angle a with the horizontal. At the 

highest point ofits trajectory, it makes a completely inelastic 

collision with another identical particle, which was thrown 

vertically upward from the ground with the same initial speed 

uy. The angle that the composite system makes with the 
horizontal immediately after the collision is 

(JEE Ady. 2013) 

Tt b nee -_ d Tt 

@) 7 (b) Fta ©) = (a) 5 


A ball hits the floor and rebounds after an inelastic collision. 

In this case (1986 - 2 Marks) 

(a) the momentum ofthe ball just after the collision is the 
same as that just before the collision. 

(b) the mechanical energy of the ball remains the same in 
the collision 

(c) the total momentum of the ball and the earth is 
conserved 

(d) the total energy of the ball and the earth is conserved 

A shell is fired from a cannon with a velocity v (m/sec.) at an 

angle 9 with the horizontal direction. At the highest point 

in its path it explodes into two pieces of equal mass. One of 

the pieces retraces its path to the cannon and the speed (in 

m/sec.) of the other piece immediately after the explosion is 

(1986 - 2 Marks) 


(a) 3vcose9 (b) 2vcos 9 


(c) sy cos 0 (d) > cos 0 


Two blocks A and B, each of mass m, are connected by a 
massless spring of natural length L and spring constant K. 
The blocks are initially resting on a smooth horizontal floor 
with the spring at its natural length, as shown in fig.. A third 
identical block C, also of mass m, moves on the floor with a 
speed v along the line joining A and B, and collides elastically 
with A. Then (1993-2 Marks) 


_v, 


(a) the kinetic energy of the A-B system, at maximum 
compression of the spring, is zero. 

(b) the kinetic energy of the A-B system, at maximum 
compression of the spring, is mv7/4. 


(c) the maximum compression of the spring is y,/(m/K) 
(d) themaximum compression ofthe spring is y,/(m/2K) 


The balls, having linear momenta p, = pi and p, =-pi, 
undergo a collision in free space. There is no external force 


acting on the balls. Let p; and p, be their final momenta. 
The following option (s) is (are) NOT ALLOWED for any 


non-zero value of p, a,, a,, b,, b,, c, and c,. (2008) 
(a) Pi = ayl + bij - ck (b) Pi = Ck 
Pz =azi +b] P2 =C2k 


= . A 
Py = ayi+bij 
te ; 
Pp =a7i+bjj 


(c) Py =ai+b)j+ek (d) 
P2 = agi +b2j—ck 

A point mass of 1 kg collides elastically with a stationary 

point mass of 5 kg. After their collision, the 1 kg mass reverses 

its direction and moves with a speed of 2 ms“!. Which of the 

following statement(s) is (are) correct for the system of these 

two masses? (2010) 

(a) Total momentum of the system is 3 kg ms~ 

(b) Momentum of 5 kg mass after collision is 4 kg ms! 

(c) Kinetic energy of the centre of mass is 0.75 J 

(d) Total kinetic energy of the system is 4J 

A particle of mass m is attached to one end of a mass-less 

spring of force constant k, lying on a frictionless horizontal 

plane. The other end of the spring is fixed. The particle 

starts moving horizontally from its equilibrium position at 

time t = 0 with an initial velocity uy. When the speed of the 

particle is 0.5 ug, it collides elastically with a rigid wall. After 

this collision (JEE Ady. 2013) 

(a) The speed of the particle when it returns to its 
equilibrium position is 1, 

(b) The time at which the particle passes through the 


l 


equilibrium position for the first time is t = 7 ; 


(c) The time at which the maximum compression of the 


spring occurs 1s t = Bil 2 
3 Vk 


(d) The time at which the particle passes through the 


equilibrium position for the second time is t = a {2 
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Subjective Problems 


A body of mass m moving with velocity V in the _X-direction 
collides with another body of mass M moving in Y-direction 
with velocity v. They coalesce into one body during collision. 
Calculate : (1978) 
(i) the direction and magnitude of the momentum of the 
final body. 
(i) the fraction of initial kinetic energy transformed into 
heat during the collision in terms of the two masses. 
Three particles A, B and C of equal mass move with equal 
speed V along the medians of an equilateral triangle as shown 
in figure. They collide at the centroid G of the triangle. After 
the collision, A comes to rest, B retraces its path with the 
speed V. What is the velocity of C ? (1982 - 2 Marks) 
A 


B C 
Two bodies A and B of masses m and 2 m respectively are 


placed on a smooth floor. They are connected by a spring. A 
third body C of mass m moves with velocity v, along the 
line joining A and B and collides elastically with 4 as shown 
in Fig. 

C A B 


|e | pm 


Ata certain instant of time ¢, after collision, it is found that 
the instantaneous velocities of A and B are the same. Further 
at this instant the compression of the spring is found to be 
X . Determine (1) the common velocity of A and B at time £; 
and (11) the spring constant. (1984- 6 Marks) 
A ball of mass 100 gm is projected vertically upwards from 
the ground with a velocity of 49 m/sec. At the same time 
another identical ball is dropped from a height of 98 m to 
fall freely along the same path as that followed by the first 
ball. After some time the two balls collide and stick together 
and finally fall to the ground. Find the time of flight of the 
masses. (1985 - 8 Marks) 
A bullet of mass M1s fired with a velocity 50 m/s at an angle 
with the horizontal. At the highest point of its trajectory, it 
collides head-on with a bob of mass 3M suspended by a 
massless string of length 10/3 metres and gets embedded 1n 
the bob. After the collision, the string moves through an 
angle of 120°. Find 

(i) theangle 9; 

(1) the vertical and horizontal coordinates of the initial 


position of the bob with respect to the point of firing of 
the bullet. Take g=10 m/s? 


GP_3481 


Momentum and Impulse 
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A block ‘A’ of mass 2m is placed on another block ‘B’ of 
mass 4m which in turn is placed on a fixed table. The two 
blocks have a same length 4d and they are placed as shown 
in fig. The coefficient of friction (both static and kinetic) 
between the block ‘B’ and table is 1. There is no friction 
between the two blocks. A small object of mass m moving 
horizontally along a line passing through the centre of mass 
(cm.) of the block B and perpendicular to its face with a 
speed v collides elastically with the block B at a height d 
above the table. (1991 -4+4 Marks) 


Ly 


(a) What isthe minimum value of v (call it v)) required to 
make the block A topple ? 


(b) Ifv = 2v,, find the distance (from the point P in the 
figure) at which the mass m falls on the table after 
collision. (Ignore the role of friction during the 
collision). 


A cart is moving along + x direction with a velocity of 4 m/s. 
A person on the cart throws a stone with a velocity of 6 m/s 
relative to himself. In the frame of reference of the cart the 
stone is thrown in y-z plane making an angle of 30° with 
vertical z-axis. At the highest point of its trajectory, the stone 
hits an object of equal mass hung vertically from the branch 
of a tree by means of a string of length L. A completely 
inelastic collision occurs, in which the stone gets embedded 
in the object. Determine : (1997 - 5 Marks) 


(i) Thespeed of the combined mass immediately after the 
collision with respect to an observer on the ground, 


(i) The length Z of the string such that the tension in 
the string becomes zero when the string becomes 
horizontal during the subsequent motion of the 
combined mass. 


A car P is moving with a uniform speed of 5V3 m/s towards 
a carriage of mass 9 kg at rest kept on the rails at a point B 
as shown in figure. The height AC is 120 m. Cannon 
balls of 1 kg are fired from the car with an initial velocity 
100 m/s at an angle 30° with the horizontal. The first cannon 
ball hits the stationary carriage after a time ¢, and sticks to 
it. Determine f.. (2001 - 10 Marks) 


s B 


At ¢,, the second cannon ball is fired. Assume that the resistive 
force between the rails and the carriage is constant and ignore 
the vertical motion of the carriage throughout. If the second 
ball also hits and sticks to the carriage, what will be the 
horizontal velocity of the carriage just after the second impact? 
A particle of mass m, moving in a circular path of radius R 
with a constant speed v, is located at point (22, 0) at time 
t = 0 and a man starts moving with a velocity v, along the 
+ve y-axis from origin at time t = 0. Calculate the linear 
momentum of the particle w.r.t. the man as a function of time. 

(2003 - 2 Marks) 


y 
4 


V» 
V; 
xX 
(0, 0) - — 


H Assertion & Reason Type Questions 


STATEMENT-1 : In an elastic collision between two bod- 

ies, the relative speed of the bodies after collision is equal 

to the relative speed before the collision. (2007) 

STATEMENT-2 : In an elastic collision, the linear 

momentum of the system is conserved. 

(a) Statement—1 is True, Statement—2 is True; State- 
ment—2 is a correct explanation for Statement-—1. 

(b) Statement—1 is True, Statement—2 is True; State- 
ment—2 is NOT acorrect explanation for Statement-1 

(c) Statement—1 is True, Statement—2 is False. 

(d) Statement—1 is False, Statement—2 is True. 


I Integer Value Correct Type 


A bob of mass m, suspended by a string of length /,, is given 
a minimum velocity required to complete a full circle in the 
vertical plane. At the highest point, it collides elastically 
with another bob of mass m suspended bya string of length 
l,, which is initially at rest. Both the strings are mass-less 
and inextensible. If the second bob, after collision acquires 
the minimum speed required to complete a full circle in the 


vertical plane, the ratio - 1S (JEE Adv. 2013) 


2 


p-32 


Bl Section 6 


A machine gun fires a bullet of mass 40 g with a velocity 
1200 ms~!. The man holding it can exert a maximum force of 
144 N on the gun. How many bullets can he fire per second 


at the most? ]2004| 
(a) Two (b) Four 
(c) One (d) Three 


A mass ‘m’ moves with a velocity “v’ and collides inelastically 


with another identical mass . After collision the ist mass 


moves with velocity _ ina direction perpendicular to the 
3 


initial direction of motion. Find the speed of the 2™ mass 
after collision. ]2005| 
on m1 y 
before l 13 after 
collision collision 
(a) 3p (b) v 
() () ey 


8 V3 


A bomb of mass 16kg at rest explodes into two pieces of 
masses 4 kg and 12 kg. The velolcity of the 12 kg mass is 


4 ms"!. The kinetic energy of the other mass is 
(a) 144) (b) 288] 12006] 
(c) 192) (d) 96) 


Statement -1: Two particles moving in the same direction 

do not lose all their energy in a completely inelastic collision. 

Statement -2 : Principle of conservation of momentum holds 

true for all kinds of collisions. [2010] 

(a) Statement -1 is true, Statement -2 is true ; Statement -2 
is the correct explanation of Statement -1. 

(b) Statement -1 is true, Statement -2 is true; Statement -2 
is not the correct explanation of Statement -1 

(c) Statement -1 is false, Statement -2 1s true. 

(d) Statement -1 is true, Statement -2 is false. 

The figure shows the position—time (x — ft) graph of one- 


dimensional motion of a body of mass 0.4 kg. The magnitude 
of each impulse is [2010] 
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0 2 4 6 8 10 12 14 16 


(a) 0.4Ns (b) 0.8 Ns 
(c) 1.6Ns (d) 0.2Ns 
This question has statement I and statement II. Of the four 


choices given after the statements, choose the one that 
best describes the two statements. | JEE Main 2013] 


Statement - I: Apoint particle ofmass m moving with speed 
v collides with stationary point particle of mass M. If the 


l 
maximum energy loss possible is given as / (Fm ] then 


ea} 


Statement - II: Maximum energy loss occurs when the 
particles get stuck together as a result of the collision. 


(a) Statement -Iis true, Statment - II is true, Statement - II 
is the correct explanation of Statement - I. 


(b) Statement-I is true, Statment - II is true, Statement - II 1s 
not the correct explanation of Statement - II. 


(c) Statement - I is true, Statment - II is false. 


(d) Statement - I is false, Statment - II is true. 

A particle of mass m moving in the x direction with speed 2v 
is hit by another particle of mass 2m moving in the y direction 
with speed v. If the collision is perfectly inelastic, the 
percentage loss in the energy during the collision is close to : 

[JEE Main 2015 
(a) 56% 
(c) 44% 


(b) 62% 
(d) 50% 
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6. 
A Fill inthe Blanks 


A uniform cube of side a and mass m rests on a rough 
horizontal table. A horizontal force F' is applied normal to 
one of the faces at a point that is directly above the centre 
of the face, at a height 3a/4 above the base. The minimum 
value of F for which the cube begins to tip about the edge is 
.... (Assume that the cube does not slide). (1984 - 2 Marks) 


A smooth uniform rod of length L and mass M has two 
identical beads of negligible size, each of mass m, which can 
slide freely along the rod. Initially the two beads are at the 
centre of the rod and the system is rotating with an angular 


velocity @jg about an axis perpenducular to the rod and 


passing through the midpoint of the rod (see figure). There 
are no external forces. When the beads reach the ends of 
the rod, the angular velocity of the system Is ......... 

(1988 - 2 Marks) 


I$ 1, —_ pl 1 —_» 
js 


A cylinder of mass M and radius R is resting on a horizontal 
platform (which is parallel to the x—-y plane) with its axis 
fixed along the y-axis and free to rotate about its axis. The 
platform is given a motion in the x-direction given byx =A 
cos (@?#). There is no slipping between the cylinder and 
platform. The maximum torque acting on the cylinder during 
its Motion IS ..............0... (1988 - 2 Marks) 


A stone of mass m, tied to the end of a string, is whirled 
around in a horizontal circle. (Neglect the force due to 
gravity). The length of the string is reduced gradually 
keeping the angular momentum of the stone about the centre 
of the circle constant. Then, the tension in the string is 
given by T= Ar’ where A is a constant, ris the instantaneous 
radius of the circle andn=..... (1993 - I Mark) 


A rod of weight w is supported by two parallel knife edges 
A and B and is in equilibrium in a horizontal position. The 
knives are at a distance d from each other. The centre of 
mass of the rod is at distance x from A . The normal reaction 
on A is... and on Bis..... (1997 - 2 Marks) 


B True / False 
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A symmetric lamina of 4 B 
mass M consists of a 
square shape with a 
semicircular section over 
of the edge of the square 
as Shown in Fig. P-10. The 
side of the square is 2a. 
The moment of inertia of 
the lamina about an axis 
through its centre of mass 
and perpendicular to the 
plane is 1.6 Ma*. The moment of inertia of the lamina about 
the tangent AB in the plane of the lamina is.... 


(1997 - 2 Marks) 


A triangular plate of uniform 

thickness and density is made to 

rotate about an axis perpendicular 

to the plane of the paper and (a) 

passing through A, (b) passing 4 C B 
through B, by the application of 

the same force, F, at C (midpoint F 

of AB) as shown in the figure. The angular acceleration in 
both the cases will be the same. (1985 - 3 Marks) 
A thin uniform circular disc of mass M and radius R is rotating 
in a horizontal plane about an axis passing through its centre 
and perpendicular to its plane with an angular velocity w. 
Another disc of the same dimensions but of mass M/4 is 
placed gently on the first disc coaxially. The angular velocity 


of the system now is 2 w/ V5. (1986 - 3 Marks) 
A ring of mass 0.3 kg and radius 0.1 m and a solid cylinder 
of mass 0.4 kg and of the same radius are given the same 
kinetic energy and released simultaneously on a flat 
horizontal surface such that they begin to roll as soon as 
released towards a wall which is at the same distance from 
the ring and the cylinder. The rolling friction in both cases is 
negligible. The cylinder will reach the wall first. 

(1989 - 2 Marks) 
Two particles of mass 1 kg and 3 kg move towards each 
other under their mutual force of attraction. No other force 
acts on them. When the relative velocity of approach of the 
two particles is 2 m/s, their centre of mass has a velocity of 
0.5 m/s. When the relative velocity of approach becomes 
3 m/s, the velocity of the centre of mass is 0.75 m/s. 

(1989 - 2 Marks) 


MCQs with One Correct Answer 


A thin circular ring of mass ‘Mand radius r is rotating about 
its axis with a constant angular velocity w, Two objects, 
each of mass m, are attached gently to the opposite ends of 
a diameter of the ring. The wheel now rotates with an angular 


velocity (1983 - I Mark) 
w (M —2m) 
@) (+m) (M +2m) 
o M w (M + 2m) 
© (+2) o* 


Two point masses of 0.3 kg and 0.7 kg are fixed at the ends 
of a rod of length 1.4 m and of negligible mass. The rod is set 
rotating about an axis perpendicular to its length with a 
uniform angular speed. The point on the rod through which 
the axis should pass in order that the work required for 
rotation of the rod is minimum, is located at a distance of 
(1995S) 
(a) 0.42 m from mass of 0.3 kg 
(b) 0.70 m from mass of 0.7 kg 
(c) 0.98 m from mass of 0.3 kg 
(d) 0.98 m from mass of 0.7 kg 
A smooth sphere A is moving on a frictionless horizontal 
plane with angular speed @ and centre of mass velocity v. It 
collides elastically and head on with an identical sphere B at 
rest. Neglect friction everywhere. After the collision, their 
angular speeds are m, and ,,, respectively. Then 
(1999S - 2 Marks) 
(a) ,<O, (b) ©,=0, 
(Cc) O,=@ (d) =o 
A disc of mass M and radius R is rolling with angular speed 
w on a horizontal plane as shown in Figure. The magnitude 
of angular momentum of the disc about the origin O is 
(1999S - 2 Marks) 
(a) (1/2) MR? 
(b) MR*w Io 
(c) (3/2)MR*w M 
(d) 2 MR*o O X 
A cubical block of side a is moving with velocity V on a 
horizontal smooth plane as shown in Figure. It hits a ridge 
at point O. The angular speed of the block after it hits O is 
(1999S - 2 Marks) 


<a => 


(a) 3V(4a) 
(b) 3V/(2a) 


(c) 3V /(V2a) 


(d) zero 

A long horizontal rod has a bead 7 3 
which can slide along its length 2 a 
and initially placed ata “77” 


distance LZ from one end A of the rod. The rod 1s set in 
angular motion about A with constant angular acceleration 
ao. If the coefficient of friction between the rod and the 
bead is 1, and gravity is neglected, then the time after which 
the bead starts slipping is aaa 


(a) vyp/a (b) p/ Ja (c) a (d) infinitesimal 


Ve 


10. 


11. 
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A cubical block of side Z rests on a rough horizontal surface 
with coefficient of friction 1. A horizontal force Fis applied 
on the block as shown. If the coefficient of friction is 
sufficiently high so that the block does not slide before 
toppling, the minimum force required to topple the block 1s 

(2000S) 


(a) infinitesimal  *'— >‘ 


(b) mg/4 

(c) mg/2 

(d) mg(1—p) 

A thin wire oflength Zand X 
uniform linear mass density 

P is bent into a circular 
loop with centre at O as 
shown. The moment of 
inertia of the loop about the 


axis XX" 1s (2000S) 
3 3 3 3 
pL oL Spl -_ 
a) —7, b) —7> Co: == — 
@) Sn? (0) 161° ©) 161° ) 8x7 


An equilateral triangle ABC formed from a uniform wire has 
two small identical beads initially located at A. The triangle 
is set rotating about the vertical axis AO. Then the beads are 
released from rest simultaneously and allowed to slide down, 
one along AB and the other along AC as shown. Neglecting 
frictional effects, the quantities that are conserved as the 


beads slide down, are (2000S) 
(a) angular velocity and total energy 
(kinetic and potential) y 
(b) Total angular momentum and total JIN. | 
energy g 


(c) angular velocity and moment of 
inertia about the axis of rotation 

(d) total angular momentum and »p C 
moment of inertia about the axis of O 
rotation 

One quarter sector is cut from a 

uniform circular disc ofradius R. This “4 

sector has mass M. It is made to ! 

rotate about a line perpendicular to | 

its plane and passing through the 

center of the original disc. Its 

moment of inertia about the axis of 


rotation 1s (2001S) 

1 1 

— MR? — MR? 
(a) (b) Fi 

1 
(c) 3 MR’ (d) J2 MR? 


A cylinder rolls up an inclined plane, reaches some height, 

and then rolls down (without slipping throughout these 

motions). The directions of the frictional force acting on the 

cylinder are (2002S) 

(a) up the incline while ascending and down the incline 
descending 

(b) up the incline while ascending as well as descending 

(c) down the incline while ascending and up the incline 
while descending 

(d) down the incline while ascending as well as descending. 
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12. 


13. 


14. 


15. 


16. 


17. 


A circular platform is free to rotate in a horizontal plane 
about a vertical axis passing through its centre. A tortoise is 
sitting at the edge of the platform. Now, the platform is given 
an angular velocity ,. When the tortoise move along a 
chord of the platform with a constant velocity (with respect 
to the platform), the angular velocity of the platform a(¢) will 


vary with time ¢ as (2002S) 
(t) 
c(t) 
Wo 
(a) (b) 
t 
t 
c(t) 0 t) 
(c) (d) ° 


t t 
Consider a body, shown in figure, consisting of two identical 


balls, each of mass M connected by a light rigid rod. If an 
impulse J=MV is imparted to the body at one of its ends, 
what would be its angular velocity? (2003S) 


(a) VIL 


(b) 2V/, Me——————_——_————e M 


(c) V/3L 
J 


(d) V/4L 

A particle undergoes uniform circular motion. About which 
point on the plane of the circle, will the angular momentum 
of the particle remain conserved? (2003S) 
(a) centre of the circle 

(b) onthe circumference of the circle. 

(c) inside the circle 

(d) outside the circle. 

A horizontal circular plate is rotating about a vertical axis 
passing through its centre with an angular velocity ,. A 
man sitting at the centre having two blocks in his hands 
stretches out his hands so that the moment of inertia of the 
system doubles. If the kinetic energy of the system is K 
initially, its final kinetic energy will be (2004S) 
(a) 2K (b) K/2 (c) K (d) K/4 

A disc is rolling without slipping with angular velocity @. P 
and Q are two points equidistant from the centre C. The 
order of magnitude of velocity is (2004S) 
(a) Vo? Vo> Vp 

(b) Vp > Vo> Yo 

(Cc) Vp=V, Vo= v2 

(d) v,<vo>v 0 

A block of mass m is at rest under the action of force F 
against a wall as shown in figure. Which of the following 


<—______ Ll _______» 


statement 1s incorrect? a (2005S) 
(a) f=meg [ffriction force] 
(b) F=N[Nnormal force] ° : 


(c) F will not produce torque 


(d) Nwill not produce torque 


18. 


19. 


20. 


21. 


22. 


Z3% 


P-35 


From a circular disc of radius R and mass 9M, a small disc of 
radius R/3 is removed from the disc. The m oment of inertia 
of the remaining disc about an axis perpendicular to the 
plane of the disc and passing through O is (2005S) 


(a) 4MR? 
(b) MR? 
(c) 10MR? 
(d) > MR? 


A particle is confined to rotate in a circular path decreasing 
linear speed, then which of the following is correct? (2005S) 


(a) ZL (angular momentum) is conserved about the centre 


(b) only direction of angular momentum [ is conserved 
(c) It spirals towards the centre 

(d) its acceleration is towards the centre. 

A solid sphere of mass M and radius R having moment of 
inertia I about its diameter is recast into a solid disc of radius 
r and thickness t. The moment of inertia of the disc about an 
axis passing the edge and perpendicular to the plane remains 
I. Then R and rare related as (2006 - 3M, —1) 


2 

@) r= Tsk (b) "Ts 
2 J2 

(c) cr (d) care 


A small object of uniform 
density rolls up a curved 
surface with an initial 
velocity v. It reaches up to 


, , 37 
a maximum height of —— 
4g 


with respect to the initial position. The object is 
(a) ring (b) solid sphere 
(c) hollow sphere (d) disc 

A bob of mass M is suspended by a massless string of 
length L. The horizontal velocity v at position A is just 
sufficient to make it reach the point B. The angle 6 at which 
the speed of the bob is half of that at A, satisfies— (2008) 


(2007) 


@ @=7 7 
(b) 7<O<5 
(c) coc 
(d) J <o<n 


Look at the drawing given in the figure which has been 
drawn with ink of uniform line-thickness. The mass of ink 
used to draw each of the two inner circles, and each of the 
two line segments is m. The mass of the ink used to draw the 
outer circle is 6 m. 
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24. 


25. 


26. 


The coordinates of the centres of the different parts are: 
outer circle (0, 0), left inner circle (— a, a), right inner circle 
(a, a), vertical line (0, 0) and horizontal line (0, — a). The 
y-coordinate of the centre of mass of the ink in this drawing 


is (2009) 
a 
ae Ly 

@ Jo ) 

b) < 

( 8 
a _ 
—_— x 
a 

@ 3 

A small mass m is attached to a 4 

massless string whose other end is 

fixed at P as shown in the figure. The  - 


mass is undergoing circular motion in 
the x-y plane with centre at O and 
constant angular speed o. If the - 
angular momentum of the system, — 
calculated about O and P are denoted 


wateceees 
Pe tablet: eer SY ra 
oT een |Site 


- 
‘ 
. .* 
"Sliver org hh 
*“Seecceeeacanee** 


by Lp and Lp respectively, then 

(a) Lo and Lp donot vary with time 

(b) Ly varies with time while 7 remains constant 
(c) Zp remains constant while Lp varies with time 


(d) ee and Lp both vary with time 
A thin uniform rod, pivoted Z 
at O, is rotating in the 
horizontal plane with 
constant angular speed o, 
as shown in the figure. At 
time t = 0, a small insect 
starts from O and moves oO 
with constant speed v, with 
respect to the rod towards 
the other end. It reaches the end of the rod at t = T and 
stops. The angular speed of the system remains @ 


uu 


throughout. The magnitude of the torque ({z|) about O, asa 
function of time is best represented by which plot? (2012) 


A uniform wooden stick of mass 1.6 kg and length / rests in 
an inclined manner on a smooth, vertical wall of height h(< 
/) such that a small portion of the stick extends beyond the 
wall. The reaction force of the wall on the stick is 
perpendicular to the stick. The stick makes an angle of 30° 
with the wall and the bottom of the stick 1s on a rough floor. 


The reaction of the wall on the stick is equal in magnitude to 
the reaction of the floor on the stick. The ratio h// and the 
frictional force fat the bottom of the stick are 
(g=10ms7) (JEE Adv. 2016) 


h v3. 16V3 h 3 16V3 

(a) i a (b) —=—, _ 163 
1 16 3 1 16 3 
h 3V3 . 8V3 h 33 . 16V3 

(c) ee eal (d) h _ 3N3 ¢ _ 16v3 y 
1 16 3 1 16 3 


Two particles A and B initially at rest, move towards each 
other under mutual force of attraction. At the instant when 
the speed of A is Vand the speed of B is 2V, the speed of the 


centre of mass of the system is (1982 - 3 Marks) 
(a) 3V (b) V 
(c) 15V (d) zero 
A mass M moving with a constant velocity parallel to the 
X-axis. Its angular momentum with respect to the origin 
(1985 - 2 Marks) 
(a) iszero (b) remains constant 
(c) goes on increasing (d) goes on decreasing 
When a bicycle is in motion, the force of friction exerted by 
the ground on the two wheels is such that it acts 
(1990 - 2 Marks) 
(a) inthe backward direction on the front wheel and in the 
forward direction on the rear wheel. 
(b) in the forward direction on the front wheel and in the 
backward direction on the rear wheel. 
(c) in the backward direction on both the front and the 
rear wheels. 
(d) inthe forward direction on both the front the rear wheels. 
A particle of mass mis projected with a velocity v making an 
angle of 45° with the horizontal. The magnitude of the angular 
momentum of the projectile about the point of projection 
when the particle is at its maximum height / is 
(1990 - 2 Marks) 


(a) zero 


42g 
3 
(cy) (d) my2gh? 


V2g 
A uniform bar of length 6a and mass 8m lies on a smooth 
horizontal table. Two point masses m and 2m moving in the 
same horizontal plane with speed 2v and v, respectively, 
strike the bar [as shown in the fig.] and stick to the bar after 
collision. Denoting angular velocity (about the centre of 
mass), total energy and centre of mass velocity by w, E and 
v, respectively, we have after collision (1991 - 2 Mark) 


(a) v. =0 Sip 
_ 3v 
(b) Qo =— —_— 3a 
5 v C 
(Cc) o=— 
Sa —o— —— 27 
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6. 


10. 


11. 


12. 


The moment of inertia ofa thin square plate ABCD, Fig., of 
uniform thickness about an axis passing through the centre 
O and perpendicular to the plane of the plate is 

(1992 - 2 Marks) 


(a) 1) +1, 
(b) I, +1, 
(c) +1, 


(d) +h +1,4+14 
where /,,/,,/,and/, are respectively the moments of 


intertial about axis 1, 2, 3 and 4 which are in the plane of the 
plate. 

A tube of length L is filled completely with an incomressible 
liquid of mass M and closed at both the ends. The tube is 
then rotated in a horizontal plane about one of its ends with 
a uniform angular velocity w . The force exerted by the liquid 
at the other end is (1992 - 2 Marks) 


Mo*L 


(a) (b) Mo*L 
2 272 
(c) -_ L (a) Mo L 


A car 1s moving in a circular horizontal track of radius 10m 
with a constant speed of 10 m/s. A pendulum bob is 
suspended from the roof of the car by a light rigid rod of 
length 1.00 m. The angle made by the rod with track is 


(1992 - 2 Mark) 
(a) zero (b) 30° 


(c) 45° (d) 60° 

Let J be the moment of inertia of a uniform square plate 
about an axis AB that passes through its centre and 1s parallel 
to two of its sides. CD is a line in the plane of the plate that 
passes through the centre of the plate and makes an angle 0 
with 4B. The moment of inertia of the plate about the axis 


CD is then equal to (1998S - 2 Marks) 
(a) I (b) Isin2@ 
(c) Icos?6 (d) Icos?(0/2) 


The torque t on a body about a given point is found to be 
equal to A x LE where A is a constant vector, and L is the 
angular momentum of the body about that point. From this 
it follows that (1998S - 2 Marks) 


dL 
(a) a is perpendicular to L at all instants of time. 


(b) the component of LZ in the direction of A does not 
change with time. 

(c) the magnitude of L does not change with time. 

(d) ZL does not change with time 

A solid cylinder is rolling down a rough inclined plane of 

inclination 6. Then (2006 - 5M, -1) 

(a) The friction force is dissipative 

(b) The friction force is necessarily changing 

(c) The friction force will aid rotation but hinder translation 

(d) The friction force is reduced if 6 1s reduced 

If the resultant of all the external forces acting on a system 

of particles is zero, then from an inertial frame, one can surely 


say that (2009) 
(a) linear momentum of the system does not change in 
time 


(b) kinetic energy of the system does not change in time 


13. 


14. 


15. 


16. 
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(c) angular momentum of the system does not change in 
time 
(d) potential energy of the system does not change in time 
A sphere is rolling without slipping on a fixed horizontal 
plane surface. In the figure, Ais the point of contact, Bis the 
centre of the sphere and C is its topmost point. Then, 
(2009) 


“\ 


(a) Vo-V,4 =2(Vg-Ve) 
(b) Vo-—Vp=Vp-Va 
(c) |Ve-V,|=2|V_-Ve| 


(d) Ve -V,|=4|Vp A 


Two solid spheres A and B of equal volumes but of different 
densities d, and d,are connected by a string. They are fully 
immersed in a fluid of density d,. They get arranged into an 
equilibrium state as shown in the figure with a tension in the 

(2011) 


string. The arrangement is possible only if 
(a) d,<d, 
(b) d,>d, 
(c) d,>d, 
(d) d. 2 a. = 2d, | 
Athin1 ring ‘ mass 2 kg and radius 0.5 mis rolling without 
on a horizontal plane with 
velocity 1 m/s. A small 
ball of mass 0.1 kg, 
moving with velocity 20 
m/s in the opposite 
direction hits the ring at 
a height of 0.75 m and goes vertically up with velocity 10 m/ 
s. Immediately after the collision (2011) 
(a) the ring has pure rotation about its stationary CM. 
(b) the ring comes to a complete stop. 
(c) friction between the ring and the ground 1s to the left. 
(d) there is no friction between the ring and the ground. 
The figure shows a system consisting of (1) a ring of outer 
radius 3R rolling clockwise 
without slipping on a 
horizontal surface with 
angular speed @ and (11) an 
inner disc of radius 2R 
rotating anti-clockwise with | 
angular speed /2. The ring 
and disc are separated by ' 
frictionless ball bearings. The 
point P on the inner disc is at 
a distance R from the origin, 
where OP makes an angle of 30° with the horizontal. Then 
with respect to the horizontal surface, (2012) 


0.75 m 


(a) the point Ohas linear velocity 3 Roi 


. . lls: “ 
(b) the point P has linear velocity Pa + 8 Rok , 


3 


. 13, 3 “ 
(c) the point P has linear velocity 7 Roi — oo 
(d) the point P has linear velocity 


3 = Roi Rae 
4 4 
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i7. Twosolid cylinders P and Q of same mass and same radius 


start rolling down a fixed inclined plane from the same height 
at the same time. Cylinder P has most of its mass 
concentrated near its surface, while Q has most of its mass 
concentrated near the axis. Which statement(s) is(are) 
correct? (2012) 


(a) Both cylinders P and QO reach the ground at the same 

time. 

Cylinders P has larger linear acceleration than cylinder 

—. 

(c) Bothcylinders reach the ground with same translational 
kinetic energy. 


(b) 


(d) 


Cylinder QO reaches the ground with larger angular 
speed. 


18. In the figure, a ladder of mass m is 


19. 


shown leaning against a wall. It is Hy 
in static equilibrium making an 
angle 8 with the horizontal floor. 
The coefficient of friction between 
the wall and the ladder is 1, and 
that between the floor and the 
ladder is 11). The normal reaction of 
the wall on the ladderis N, andthat =p, 
of the floor is N,. If the ladder is about to slip, then 
(JEE Ady. 2014) 


m 
(a) py, =0,u5 #0 and N, tand = = 


m 
(b) by #0, =0.and Nj; tand == 
mg 
Ns = 
(c) Ly # 0, > # 0 and ‘¥2 1+ by p> 


(d) 


A ring of mass M and radius R is rotating with angular speed 
w@ about a fixed vertical axis passing through its centre O 


m 
MW, =0,u5 +0 and MY tan @ = == 


M 
with two point masses each of mass 7 at rest at O. These 


masses can move radially outwards along two massless rods 
fixed on the ring as shown in the figure. At some instant the 


8 
angular speed of the system is 92 and one of the masses is 


3 
at a distance of 5 R from O. At this instant the distance of 


the other mass from O is 


GD 


(JEE Adv. 2015) 


20. 


21. 
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(a) 3R (b) 3R 


3 4 

(c) ZR (d) GR 

Two thin circular discs of mass m and 4m, having radii ofa 
and 2a, respectively, are rigidly fixed by a massless, rigid 
rod of length /= ./24, through their centres. This assembly 
is laid on a firm and flat surface, and set rolling without 
slipping on the surface so that the angular speed about the 
axis of the rod is w. The angular momentum of the entire 
assembly about the point ‘O’ is [| (see the figure). Which 
of the following statement(s) is (are) true? (JEE Adv. 2016) 


(a) The centre of mass of the assembly rotates about the 

Z-axis with an angular speed of w/5 

The magnitude of angular momentum of center of mass 

of the assembly about the point O is 81 ma’w 

(c) The magnitude of angular momentum of the assembly 
about its center of mass is 17 ma’w/2. 


(d) 
The position vector ¢ ofa particle of mass m is given by the 
following equation 


F(t)= at?i+ Bt], 
where a = 10/3 ms-3, 8B = 5 ms andm=0.1 kg. Att=1s, 


which of the following statement(s) is(are) true about the 
particle? (JEE Ady. 2016) 


(a) The velocity % is given by ¥ = (10i+10j) ms”! 


The magnitude of the z-component of | is 55 ma’w. 


The angular momentum J with respect to the origin is 
given by L =—5/3) k Nms 

(c) The force fis given by f = (i+2])N 

(d) 


The torque — with respect to the origin is given by 


t =-(20/3) k Nm 


E Subjective Problems 


A 40 kg mass, hanging at the end of a rope of length /, 
oscillates in a vertical plane with an angular amplitude 0p. 
What is the tension in the rope when it makes an engle 0 
with the vertical? If the breaking strength of the rope is 
80 kg, what is the maximum amplitude with which the mass 
can oscillate without the rope breaking? (1978) 
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A large mass M and a small mass m hang 

at two ends ofa string that passes over j 

a smooth tube as shown in the figure. 

The mass m moves around a circular 

path which lies in a horizontal plane. m 

The length of string from the mass mto 

the top of the tube is / and 6 is the ‘angle’ 

this length makes with the vertical. What 

should be the frequency of rotation of 

mass m, so that the mass M remains stationary? 

A circular plate of uniform 

thickness has a diameter of 56 cm. 

A circular portion of diameter 42 

cm is removed from one edge of 

the plate as shown in figure. 

Find the position of the centre of 

mass of the remaining portion. 42cn 

( 19 80) 56cm 

A block of mass M with a 

semicircular of radius R, 

rests on a_ horizontal 

frictionless surface. A 

uniform cylinder ofradiusr “ 

and mass mis released from rest at the top point A (see Fig). 

The cylinder slips on the semicircular frictionless track. 

How far has the block moved when the cylinder reaches 

the bottom (point B) of the track ? How fast is the block 

moving when the cylinder reaches the bottom of the track ? 
(1983 - 7 Marks) 

A particle is projected at time @ 0 from a point P on the 

ground with a speed v,, at an angle of 45° to the horizontal. 

Find the magnitude and direction of the angular momentum 

of the particle about Pattimet=v,/g (1984-6 Marks) 

A small sphere rolls * 

down without slipping 

from the top ofa track 

in a vertical plane. The - 

track has an elevated =. 

section and a horizontal | 1 Gun 

part, The horizontal B 

part is 1.0 metre above the ground level and the top of the 

track is 2.4 metres above the ground. Find the distance on 

the ground with respect to the point B (which 1s vertically 

below the end of the track as shown in fig.) where the sphere 

lands. During its flight as a projectile, does the sphere continue 

to rotate about its centre of mass? Explain. (1987 - 7 Marks) 

A thin uniform bar lies on a frictionless 


(1978) 


horizontal surface andis freetomovein 10m/s AL 
any way on the surface. Its mass is 0.16 
kg and length V3 meters. Two particles, “aa |SCOié 


each of mass 0.08 kg, are moving on the 

same surface and towards the bar in a 

direction perpendicular to the bar, one with a velocity of 10 
m/s, and other with 6 m/s as shown in fig. The first particle 
strikes the bar at point A and the other at point B. Points 4 
and B are at a distance of 0.5m from the centre of the bar. 
The particles strike the bar at the same instant of time and 


10. 


11. 


i. 


p-39 


stick to the bar on collision. Calculate the loss of the kinetic 
energy of the system in the above collision process. 
(1989 - 8 Marks) 

A homogeneous rod AB of length Z = 1.8 m and mass M is 

pivoted at the centre O in such a way that it can rotate freely 

in the vertical plane (Fig). The rod 1s initially in the horizontal 
position. An insect S of the same mass M falls vertically 

with speed V on the point C, midway between the points O 

and B. Immediately after falling, the insect moves towards 

the end B such that the rod rotates with a constant angular 
velocity w . (1992 - 8 Marks) 

(a) Determine the S 
angular velocity w 
in terms of Vand L. y 

(b) Ifthe insect reaches 
the end B when the 0 C B 
rod has turned ~. 4. 4 4, LY 
through an angle of 
90°, determine V. 

A uniform thin rod of mass M and length L is standing 

vertically along the y-axis on a smooth horizontal surface, 

with its lower end at the origin (0, 0). A slight disturbance at 

t = 0 causes the lower end to slip on the smooth surface 

along the positive x-axis, and the rod starts falling. 

(1993-1+5 Marks) 

(1) What is the path followed by the centre of mass of the 
rod during its fall? 

(1) Find the equation to the trajectory of a point on the rod 
located at a distance r from the lower end. What is the 
shape of the path of this point? 

A block X of mass 0.5 kg is held by a long massless string 

on a frictionless inclined plane of inclination 30° to the 

horizontal. The string is wound on a uniform solid cylindrical 
drum Y of mass 2 kg and of radius 0.2 mas shown in Figure. 


The drum is given an initial angular velocity such that the 
block X starts moving up the plane. (1994 - 6 Marks) 
(i) Find the tension in the string ¥ 

during the motion. 2 
(i) At a certain instant of time the 

magnitude of the angular velocity 

of Y is 10 rad s“! calculate the * 

distance travelled by_X from that 

instant of time until 1t comes to rest 
Two uniform thin rods A and B of length 0.6 m 
each and of masses 0.01 kg and 0.02 kg 
respectively are rigidly joined end to end. The A 
combination is pivoted at the lighter end, Pas 
shown in fig. Such that it can freely rotate 
about point Pin a vertical plane. A small object B 
of mass 0.05 kg, moving horizontally, hits the 
lower end of the combination and sticks to it. © 
What should be the velocity of the object so that the system 
could just be raised to the horizontal position. 

(1994 - 6 Marks) 

A rectangular rigid fixed block 
has a long horizontal edge. A 
solid homogeneous cylinder of 
radius R is placed horizontally 


at rest its length parallel to the 
edge such that the axis of the 
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14. 


15. 


cylinder and the edge of the block are in the same vertical 
plane as shown in the figure below. There 1s sufficient friction 
present at the edge so that a very small displacement causes 
the cylinder to roll off the edge without slipping. Determine: 

(1995 - 10 Marks) 
(a) the angle @. through which the cylinder rotates before 

it leaves contact with the edge, 

(b) the speed of the centre of mass of the cylinder before 


leaving contact with the edge, and 
(c) the ratio of the translational to rotational kinetic 
energies of the cylinder when its centre of mass is in 
horizontal line with the edge. 
A small sphere of radius Y 
surface of a larger sphere 
of radius 6R (Fig. P-3). (Ke M 
The masses of large and Ba 
small spheres are4M and ° 
M, respectively, This 
a horizontal table. There 1s no friction between any surfaces 
of contact. The small sphere is now released. Find the 
coordinates of the centre of the larger sphere when the smaller 
sphere reaches the other extreme position. (1996 - 3 Marks) 
Two thin circular 
and radius 10 cm 
each are joined by 
a rigid massless 
rod of length 20 
cm. The axis of 
through their centres. This object is kept on a truck in such 
a way that the axis of the object is horizontal and 
perpendicular to the direction of the motion of the truck. Its 
friction with the floor of the truck is large enough so that the 
object can roll on the truck without slipping. Take x axis as 
upwards direction. Ifthe truck has an acceleration of 9 m/s?. 
Calculate: (1997 - 5 Marks) 
(i) The force of friction on each disk, 
(i) The magnitude and the direction of the frictional torque 
acting on each disk about the centre of mass O of the 


R isheld against the inner 
ey, A 
Ny i. 
arrangement is placed on 
disks of mass 2 kg 
the rod is along the perpendicular to the planes of the disk 
the direction of motion of the truck and z axis as the vertically 
object. Express the torque in the vector form in terms 


ofunit vectors 7, j and k in thex,y, and z directions. 
A wedge of mass m and triangular cross-section (AB = BC= 


CA =2R) is moving with a constant velocity —vi towards a 
sphere of radius R fixed on a smooth horizontal table as 
shown in Figure. The wedge makes an elastic collision with 
the fixed sphere and returns along the same path without 
any rotation. Neglect all friction and suppose that the wedge 
remains in contact with the sphere for a very short time. Af, 
during which the sphere exerts a constant force F’ on the 
wedge. (1998 - 8 Marks) 
A 


16. 


17. 


18. 


(a) Find the force F and also the normal force N exerted by 
the table on the wedge during the time At. 

(b) Let h denote the perpendicular distance between the 
centre of mass of the wedge and the line of action of 
F. Find the magnitude of the torque due to the normal 
force N about the centre of the wedge, during the 
interval At. 


A uniform circular disc A 
has radius R and mass 
m. A particle also of 
mass m, 1s fixed at a 
point A on the edge of 
the disc as shown in 
Figure. The disc can 
rotate freely about a 
fixed horizontal chord 
PQ that is at a distance R/4 from the centre C of the disc. 
The line AC is perpendicular to PQ. 

Initially, the disc is held vertical with the point A at its highest 
position. It is then allowed to fall so that it starts rotating 
about PQ. Find the linear speed of the particle as it reaches 
its lowest position. (1998 - 8 Marks) 
A man pushes a cylinder of mass m, with the help ofa plank 
of mass m, as shown in Figure. There in no slipping at any 
contact. The horizontal component of the force applied by 


the man is F. (1999 - 10 Marks) 
Find 
(a) the accelerations of the -F—> m, 


plank and the center of 
mass of the cylinder, and 
(b) the magnitudes and 
directions of frictional 
forces at contact points. 
Two heavy metallic 
plates are joined together 
at 90° to each other. A 
laminar sheet of mass 30 
kg is hinged at the line AB 
joining the two heavy 
metallic plates. The hinges 
are frictionless. The 
moment of inertia of the 
laminar sheet about an axis 
parallel to AB and passing through its center of mass is 1.2 kg- 
m*. Two rubber obstacles P and Q are fixed, one on each 
metallic plate at a distance 0.5 m from the line AB. This distance 
is chosen so that the reaction due to the hinges on the laminar 
sheet is zero during the impact. (2001-10 Marks) 
Initially the laminar sheet hits one of the obstacles with an 
angular velocity 1 rad/s and turns back. If the impulse on 
the sheet due to each obstacle is 6 N-s, 


(a) Find the location of the center of mass of the laminar 
sheet from AB. 

(b) At what angular velocity does the laminar sheet come 
back after the first impact? 

(c) After how many impacts, does the laminar sheet come 
to rest? 
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19. Three particles A, B and C, each ofmass m, areconnectedto 20. A wooden log of mass M and lengthLis O 
each other by three massless rigid rods to form a rigid, hinged by a frictionless nail at O. A bullet i) 


equilateral triangular body of side ¢ . This body is placed on of mass m strikes with veloc ity vand sticks 
. soe to it. Find angular velocity of the system | 
a horizontal frictioness table (x-y plane) and is hinged toit at immediately after the collision about O. Wei ge 


the point A so that it can move without friction about the 
vertical axis through A (see figure). The body is set into 
rotational motion on the table about.4 with a constant angular 


Vv 
(2005 - 2 Marks) 
21. Acylinder of mass m and radius R rolls down an inclined 
plane of inclination 6. Calculate the linear acceleration of 
velocity «. (2002 - 5 Marks ) the axis of cylinder. (2005 - 4 Marks) 
Ya 22. Two identical ladders, each of ; 
mass M and length L are resting 
on the rough horizontal surface L 
as shown in the figure. A block LY Vx O”\ 
of mass m hangs from P. If the A 
system is in equilibrium, find the 
magnitude and the direction of frictional force at A and B. 
(2005 - 4 Marks) 
23. A rectangular plate of b 
mass M and dimension a 


i x b 1s held in horizontal 
pe—_ *§ — 4% © position by striking n small a 
, , balls (each of mass m) per 
(a) Find the magnitude of the horizontal force exerted by unit area per second. The ae 
the hinge on the body. balls are striking in the V 
(b) At time 7; when the side BC is parallel to the x-axis, a shaded half region of the plate. The collision of the balls 
force Fis applied on B along BC (as shown). Obtain the with the plate is elastic. What 1s v? (2006 - 6M) 
x-component and the y-component of the force exerted ants a a M=3kg, m= 0.01 kg; b=2 m,a=1m; 
g= Ss‘). 


by the hinge on the body, immediately after time 7. 


F Match the Following 


DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 
have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of 
bubbles will look like the given. 


1. Column-II shows five systems in which two objects are labelled as X and Y. Also in each case a point Pis shown. Column-I gives 


some statements about X and/or Y. Match these statements to the appropriate system(s) from Column II. (2009) 
Column-! Column II 
(A) The force exerted by X on Y has a magnitude Mg. (p) Y 
ee 
P 


Block Y of mass M left on a fixed inclined plane X, slides on 
it with a constant velocity. 
(B) The gravitational potential energy of X is (q) 
continuously increasing. 


(C) Mechanical energy of the system X +Y is 
continuously decreasing. 


(D) The torque of the weight of Y about point P 1s zero. 


G Comprehension Based Questions 


PASSAGE - 1 
Two discs A and B are mounted coaxially on a vertical axle. The 
discs have moments of inertia J and 2 J respectively about the 
common axis. Disc A is imparted an initial angular velocity 2 w 
using the entire potential energy of a spring compressed by a 
distance x, Disc B is imparted an angular velocity w by a spring 
having the same spring constant and compressed by a distance 
x, Both the discs rotate in the clockwise direction. 
1. Theratiox,/x, is 


(a) 2 (b) 


(2007) 


(c) V2 (d) 


SIF RIA 
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Two ring magnets Y and Z, each of mass M, are kept in 
frictionless vertical plastic stand so that they repel each other. 
Y rests on the base X and Z hangs in air in equilibrium. P is 
the topmost point of the stand on the common axis of the 
two rings. The whole system 1s in a lift that is going up with 
a constant velocity. 


(r) 


ad, 


A pulley Y of mass mis fixed toa table through a clamp X. A 
block of mass M hangs from a string that goes over the 
pulley and is fixed at point P of the table. The whole system 
is kept in a lift that is going down with a constant velocity. 


(s) 


P 


A sphere Y of mass Mis put in a non-viscous liquid X kept in 
a container at rest. The sphere is released and 1t moves down 
in the liquid. 


(t) 


P 


A sphere Y of mass M is falling with its terminal velocity in a 
viscous liquid X kept in a container. 


When disc B is brought in contact with disc A, they acquire 
a common angular velocity in time t . The average frictional 
torque on one disc by the other during this periodis (2007) 


21a 97 97a 3/@ 
fad b) 2 foliar d) —— 
(a) 34 (b) - (c) rr (d) yy 


3. The loss of kinetic energy in the above process is (2007) 
2 
Io 


To 

aa b) 22. 
(a) ; (b) ; 
2 


lo lo 
d amie 
(d) é 


(c) “47 


PASSAGE - 2 


A uniform thin cylindrical disk of mass M and radius R is attached 
to two identical massless springs of spring constant k which are 
fixed to the wall as shown in the figure. The springs are attached 
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to the axle of the disk symmetrically y 
on either side at a distance d from its 
centre. The axle is massless and both 
the springs and the axle are in 
horizontal plane. 

The unstretched length of each 
spring is L. The disk is initially at its 
equilibrium position with its centre of 


mass (CM) at a distance L from the d 
wall. The disk rolls without slipping Vo 
with velocity V)=Voi. The : 


coefficient of friction isu. (2008) 

4. Thenet external force acting on the disk when its centre of 
mass is at displacement x with respect to its equilibrium 
position is 
(a) —kx (b) —2kx (c) —2kx/3  (d) —4kx/3 

5. The centre of mass of the disk undergoes simple harmonic 
motion with angular frequency w equal to— 


Eo Foz of 
Oi OF © Wy © ly 


6. Themaximum value of Vo for which the disk will roll without 
slipping is — 


(a) Hg i (b) Hg ak (c) Hg ae (d) ng Ok 


PASSAGE-3 

The general motion of a rigid body can be considered to be a 
combination of (1) a motion of its centre of mass about an axis, and 
(11) its motion about an instantaneous axis passing through the 
centre of mass. 

These axes need not be stationary. Consider, for example, a thin 
uniform disc welded (rigidly fixed) horizontally at its rim to a 
massless, stick, as shown in the figure. When the disc-stick system 
is rotated about the origin on a horizontal frictionless plane with 
angular speed , the motion at any instant can be taken as a 
combination of (1) a rotation of the centre of mass of the disc 
about the z-axis and (11) a rotation of the disc through an 
instantaneous vertical axis passing through its centre of mass (as 
is seen from the changed orientation of points P and Q). Both 
these motions have the same angular speed win this case (2012) 

Z 


x 
Now consider two similar systems as shown in the figure: Case (a) 
the disc with its face vertical and parallel to x-z plane; Case (b) the 
disc with its face making an angle of 45° with x-y plane and its 
horizontal diameter parallel to x-axis. In both the cases, the disc is 
welded at point P, and the systems are rotated with constant 
angular speed w about the z-axis. 
z Q 


@ 


F 


Case (b) 


Case (a) x 


H Assertion & Reason Type Questions 


P-43 


Which of the following statements about the instantaneous 

axis (passing through the centre of mass) 1s correct? 

(a) Itis vertical for both the cases (a) and (b) 

(b) Itis vertical for case (a); and is at 45° to the x-z plane 
and lies in the plane of the disc for case (b). 

(c) Itis horizontal for case (a); and is at 45° to the x-z plane 
and is normal to the plane of the disc for case (b). 

(d) Itis vertical for case (a); and is 45° to the x-z plane and 
is normal to the plane of the disc for case (b). 

Which of the following statements regarding the angular 

speed about the instantaneous axis (passing through the 

centre of mass) is correct? 


(a) Itis /2 for both the cases 
(b) Itis for case (a); and w/ 2 for case (b) 


(c) Itis w for case (a); and ./2q for case (b) 
(d) Itis w for both the cases. 


STATEMENT-1: Ifthere is no external torque on a body about 

its center of mass, then the velocity of the center of mass 

remains constant. 

STATEMENT-2?: The linear momentum ofan isolated system 

remains constant. (2007) 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 1s True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement-1 1s True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 is True 

STATEMENT-1 : Two cylinders, one hollow (metal) and the 

other solid (wood) with the same mass and identical 

dimensions are simultaneously allowed to roll without 

slipping down an inclined plane from the same height. The 

hollow cylinder will reach the bottom of the inclined plane 

first. 

STATEMENT-2 : By the principle of conservation of 

energy, the total kinetic energies of both the cylinders are 

identical when they reach the bottom of the incline. (2008) 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement -1 1s True, Statement-2 is False 

(d) Statement -1 is False, Statement-2 is True 


I Integer Value Correct Type 


A binary star consists of two stars A (mass 2.2M,) and B 
(mass 11M.), where M, is the mass of the sun. They are 
separated by distance d and are rotating about their centre 
of mass, which is stationary. The ratio of the total angular 
momentum of the binary star to the angular momentum of 
star B about the centre of mass 1s (2010) 
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A boy is pushing a ring of mass Stick 

2 kg and radius 0.5 m with a stick 

as shown in the figure. The stick 

applies a force of 2N on the ring 

and rolls it without slipping with 

an acceleration of 0.3 m/s”. The 

coefficient of friction between 

the ground and the ring is large 

enough that rolling always occurs and the coefficient of 
friction between the stick and the ring is (P/10). The value of 
Pis (2011) 


Four solid spheres each of diameter ./5 cm and mass 0.5 kg 


Ground 


are placed with their centers at the corners of a square of 
side 4 cm. The moment of inertia of the system about the 
diagonal of the square is N x 10*kg— m*, then N is.(2011) 
A lamina is made by removing a small 

disc of diameter 2R from a bigger disc 

of uniform mass density and radius 

2R, as shown in the figure. The moment P 
of inertia of this lamina about axes 

passing though O and P is I, and Jp 

respectively. Both these axes are 

perpendicular to the plane of the lamina. The ratio /,/J, to 
the nearest integer 1s (2012) 
A uniform circular disc of mass 50 kg and radius 0.4 m is 
rotating with an angular velocity of 10 rad s“! about its own 
axis, which 1s vertical. Two uniform circular rings, each of 
mass 6.25 kg and radius 0.2 m, are gently placed symmetrically 
on the disc in such a manner that they are touching each 
other along the axis of the disc and are horizontal. Assume 
that the friction is large enough such that the rings are at 
rest relative to the disc and the system rotates about the 
original axis. The new angular velocity (in rad s~') of the 
system 1S (JEE Adv. 2013) 
A horizontal circular platform of 

radius 0.5 m and mass Ces 
0.45 kg is free to rotate about its 

axis. Two massless spring toy- 
guns, each carrying a steel ball of 
mass 0.05 kg are attached to the platform at a distance 0.25 m 
from the centre on its either sides along its diameter (see 
figure). Each gun simultaneously fires the balls horizontally 
and perpendicular to the diameter in opposite directions. 
After leaving the platform, the balls have horizontal speed of 


Section-B 


Initial angular velocity of a circular disc of mass Mis @,. 
Then two small spheres of mass m are attached gently to 
diametrically opposite points on the edge of the disc. What 
is the final angular velocity of the disc? [2002] 


(a) (Mem) ®; b) & ta) i 
" e a ~~ Grim vie 


8. 


JEE Main / GIEEE 


Zs 


4. 


-! with respect “ the ground. The rotational speed of 

the platform in rad s~! after the balls leave the platform is 
(JEE Ady. 2014) 

A uniform circular disc of mass 1.5 kg F 

and radius 0.5 m is initially at rest on a x 

horizontal frictionless surface. Three 

forces of equal magnitude F =0.5 N are 

applied simultaneously along the three 

sides of an equilateral triangle XYZ with 

its vertices on the perimeter of the disc y a, : 

(see figure). One second after applying 

the forces, the angular speed of the disc 

in rad s! i (JEE Adv. 2014) 

Two identical uniform discs roll without slipping on two 

different surfaces AB and CD (see figure) starting at A and C 

with linear speeds v, and v,, respectively, and always remain 

in contact with the surfaces. Ifthey reach B and D with the 

same linear speed and v, =3 m/s then v, inm/s 1s (g= 10 m/s?) 


(JEE Adv. 2015) 


F : 
The densities of two solid spheres A and B of the same radii 


R vary with radial distance r as p,(7) = k (=) and p,(r) = 


5 
r , 
k (=) , respectively, where k is a constant. The moments 


of inertia of the individual spheres about axes passing 
| | eh 
through their centres are J, and Jp, respectively. If, ie ~ 10° 


the value of 7 1s (JEE Ady. 2015) 


The minimum velocity (in ms“) with which a car driver must 
traverse a flat curve of radius 150 m and coefficient of friction 


0.6 to avoid skidding is 

(a) 6 (b) 30 (c) 15 (d) 25 
A cylinder of height 20 m is completely filled with water. The 
velocity of efflux of water (in ms~') through a small hole on 
the side wall of the cylinder near its bottom is [2002] 
(a) 10 (b) 20 (c) 25.5 (d) 5 

Two identical particles move towards each other with 
velocity 2v and v respectively. The velocity of centre of 
mass 1S [2002] 
(a) v (d) zero. 


(2002| 


(b) v/3 (c) w2 
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= 


10. 


11. 


12. 


13. 


A solid sphere, a hollow sphere and a ring are released from 
top of an inclined plane (frictionless) so that they slide down 
the plane. Then maximum acceleration down the plane 1s for 
(norolling) [2002] 
(a) solid sphere (b) hollow sphere 

(c) ring (d) allsame. 

Moment of inertia ofa circular wire of mass M and radius R 
about its diameter 1s [2002] 


(a) MR2/2 (b) MR2 ~~ (c) 2MR2~—(d) MR2/4. 


A particle of mass m moves along line PC with velocity v as 
shown. What is the angular momentum of the particle 
[2002] 


about P? 
(a) mvL 
(b) mvl 
(c) mvr 
(d) zero. 


A circular disc X of radius R is made from an iron plate of 
thickness ¢, and another disc Y ofradius 4R is made from an 


t 
iron plate of thickness 1 Then the relation between the 
moment of inertia Jy and ly is [2003] 
(c) Ly =ly (d) ly =64ly 


A particle performing uniform circular motion has angular 

frequency is doubled & its kinetic energy halved, then the 

new angular momentum is [2003] 

a) £ ()2L 
4 


L 
(c) 4L (d) es 


Let F be the force acting on a particle having position 


vector 7 ,and T be the torque of this force about the origin. 
Then [2003] 


(a) *.T=OandF.7+0 (b) 7.7 %#0and F.T=0 


(c) #7.7#0and F.T4+0 (d) 7.7=O0and F.T=0 
A solid sphere is rotating in free space. If the radius of the 
sphere is increased keeping mass same which one of the 
following will not be affected ? [2004] 
(a) Angular velocity (b) Angular momentum 

(c) Moment ofinertia (d) Rotational kinetic energy 
One solid sphere A and another hollow sphere B are of same 
mass and same outer radii. Their moment of inertia about 


their diameters are respectively 1, and J, Such that 


12004] 
(a) [4 <lp (b) I, >Tp 

Ta _ 44 
(©) I4=T, @ 7-7 


where d, and dp are their densities. 
A body A of mass M while falling vertically downwards 


. l 
under gravity breaks into two parts; a body B of mass 3 


M and a body C of mass ca M. The centre of mass of 


bodies B and C taken together shifts compared to that of 
body A towards [2005] 


14. 


15, 


16. 


17. 


18. 


19. 


20. 


21. 


(a) does not shift 
(b) depends on height of breaking 

(c) body B 

(d) body C 

The moment of inertia of a uniform semicircular disc of mass 
M and radius r about a line perpendicular to the plane of the 
disc through the centre is [2005] 
(a) = Mr? (b) Mr (c) = Mr (d) Mr? 

A ‘T°’ shaped object with 
dimensions shown in the figure, is 


lying on asmooth floor. A force‘ F ’ 


is applied at the point P parallel to 
AB, such that the object has only 
the translational motion without 
rotation. Find the location of P with 


respect to C. [2005] 
3 p 4 
@ 3 5° OF (d) 3° 


Consider a two particle system with particles having masses 
m, and m,. If the first particle is pushed towards the centre 
of mass through a distance d, by what distance should the 
second particle is moved, so as to keep the centre of mass at 


the same position? [2006] 
bbe. la dds 
Qn Onim*’ Onm* Od 


Four point masses, each of value m, are placed at the corners 
of a square ABCD of side 2. The moment of inertia of this 
system about an axis passing through A and parallel to BD 
is [2006] 
(a) 2ml? (b) J3me* (© 3ml? (d) me? 


A force of —Fk acts on O, the origin of the coordinate 


system. The torque about the point (1, —1) is [2006] 
(a) F(i-j) 1 
(b) -F(i+j) 
A. & O ” 
(c) F(i+/) 


(d) -FG-j) X 

A thin circular ring of mass m and radius R 1s rotating about 
its axis with a constant angular velocity w. Two objects each 
of mass / are attached gently to the opposite ends of a 
diameter of the ring. The ring now rotates with an angular 


velocity ' = [2006| 
o(m+2M) o(m-2M) 
(a) an (m+2M) 
@ wom 
©) Gn+M) @) Gn+2M) 


A circular disc of radius R 1s removed from a bigger circular 
disc of radius 2R such that the circumferences of the discs 
coincide. The centre of mass of the new disc is a / R form 
the centre of the bigger disc. The value of « is [2007] 
(a) 1/4 (b) 13 (c) 1/2 (d) 1/6 

A round uniform body of radius R, mass M and moment of 
inertia J rolls down (without slipping) an inclined plane 
making an angle 0 with the horizontal. Then its acceleration 
1S [2007] 


22, 


23. 


24. 


29: 


26. 


27. 


28. 


gsin8 gsin8 
(a) ——— (b) ———~; 
1— MR? /1 1+1/ MR? 
gsin8 gsin8 
c) — d) — 
(©) 1+ MR? /1 (d) 1—1/ MR? 


Angular momentum of the particle rotating with a central 
force is constant due to [2007] 
(a) constant torque 

(b) constant force 

(c) constant linear momentum 

(d) zero torque 

For the given uniform square lamina ABCD, whose centre 
is O, [2007] 


(a) Iyc =V2 Ipp 0 
(b) V21 yc => ler 
(c) Lyn =3lgr 


(d) L4c = ler A —F 
A thin rod of length ‘Z’ is lying sca the x-axis with its ends 
atx =0 andx=L. Its linear density (mass/length) varies with 


n 
x ~ 
xas k (+) , where n can be zero or any positive number. If 


the position x,,, of the centre of mass of the rod is plotted 
against ‘n’, which of the following graphs best approximates 
the dependence of x,.,, on n? ]2008] 
Xom 


(a) 


Consider a uniform square plate of side ‘a’ and mass ‘m’. 
The moment of inertia of this plate about an axis 
perpendicular to its plane and passing through one of its 


corners 1s ]2008] 
| 2 
(a) ma” (b) ma: (c) ma (d sma’ 


A thin uniform rod of length / and mass m is since freely 
about a horizontal axis passing through its end. Its maximum 
angular speed is w. Its centre of mass rises toa maximum 


height of : [2009] 
a we rw? 1 eo? »! Po? 
® 6 O27 OF O35 


A mass m hangs with the help ofa string wrapped around 
a pulley on a frictionless bearing. The pulley has mass m 
and radius R. Assuming pulley to be a perfect uniform 
circular disc, the acceleration of the mass m, if the string 
does not slip on the pulley, is: ]2011| 


2 g 3 
@g 5% OF £x@ 58 
A thin horizontal circular disc 1s rotating about a vertical 
axis passing through its centre. An insect 1s at rest at a 
point near the rim of the disc. The insect now moves along 


29. 


30. 


31. 


OZ, 


33. 


34. 
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a diameter of the disc to reach its other end. During the 
journey of the insect, the angular speed of the disc. 
(a) continuously decreases [2011] 
(b) continuously increases 
(c) first increases and then decreases 
(d) remains unchanged 
A pulley of radius 2 m is rotated about its axis by a force 
F = (20t — 5#7) newton (where ¢ is measured in seconds) 
applied tangentially. If the moment of inertia of the pulley 
about its axis of rotation is 10 kg-m? the number of rotations 
made by the pulley before its direction of motion is 
reversed, 1s: [2011] 
(a) more than 3 but less than 6 
(b) more than 6 but less than 9 
(c) more than 9 
(d) less than 3 
A hoop of radius r and mass m rotating with an angular 
velocity @, is placed on a rough horizontal surface. The 
initial velocity of the centre of the hoop 1s zero. What will 
be the velocity of the centre of the hoop when it ceases to 
slip ? [JEE main 2013] 
TW, TW, TW, 
(a) rl (b) | (c) : 
A bob of mass m attached to an inextensible string of length 
/ is suspended from a vertical support. The bob rotates in a 
horizontal circle with an angular speed w rad/s about the vertical. 
About the point of suspension: |JEE Main 2014] 
(a) angular momentum is conserved. 
(b) angular momentum changes in magnitude but not in 
direction. 
(c) angular momentum changes in direction but not in 
magnitude. 
(d) angular momentum changes both in direction and 
magnitude. 
Distance of the centre of mass of a solid uniform cone from 
its vertex is Z). If the radius of its base is R and its height is h 


(d) ra, 


then Z, is equal to : ]JEE Main 2015] 
Sh = h? 3h 
a> OF OF OF 


From a solid sphere a mass M and radius Ra cube of maximum 
possible volume is cut. Moment of inertia of cube about an 
axis passing through its center and perpendicular to one of 


its faces is : [JEE Main 2015] 
4MR? : 4MR? MR? ; MR? 
© on aan 9 32Jon © i6van 
A roller is made by joining BOY 
together two cones at their 
vertices O. It is kept on two rails 
AB and CD, which are placed 
asymmetrically (see figure), with ---- -P <f wees 
its axis perpendicular to CD and O 
its centre O at the centre of line 
joining AB and Cd (see figure). ‘ 


It is given a light push so that it 
starts rolling with its centre O moving caeiliel to CD in the 
direction shown. As it moves, the roller will tend to: 

(a) gostraight. | JEE Main 2016] 
turn left and right alternately. 

(c) turn left. 

turn right. 
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We Fill inthe Blanks 5. 


1. Thenumerical value of the angular velocity of rotation of 
the earth should be ............ rad/s in order to make the effective 
acceleration due to gravity equal to zero. (1984 - 2 Marks) 

2. A geostationary satellite is orbiting the earth at a height of 
6 R above the surface of the earth, where R is the radius of 
the earth. The time period of another satellite at a height of 
2.5 R from the surface of the earth is .......... hours. 

(1987 - 2 Marks) 

3. | Themasses and radii of the Earth and the Moon are M,, R, and 
M,, R, respectively. Their centres are at a distance d apart. The 
minimum speed with which a particle of mass m should be 
projected from a point midway between the two centres so as 
to escape to infinity Is ................. (1988 - 2 Marks) 

4. A particle is projected vertically upwards from the surface 
of earth (radius RK ,) with a kinetic energy equal to half of the 
minimum value needed for it to escape. The height to which 
it rises above the surface of earth is..... (1997 - 2 Marks) 


B True/False 


1. It is possible to put an artificial satellite into orbit in such a 
way that it will always remain directly over New Delhi. 
(1984 - 2 Marks) 


7 
C MCQs with One Correct Answer 


1. ‘If the radius of the earth were to shrink by one percent, its 
mass remaining the same, the acceleration due to gravity on 


the earth’s surface would (1981 - 2 Marks) 
(a) decrease (b) remain unchanged 
(c) increase (d) bezero 


2.  Ifgis the acceleration due to gravity on the earth’s surface, 
the gain in the potential energy of an object of mass m 
raised from the surface of the earth to a height equal to the 
radius R of the earth, is (1983 - 1 Mark) 


1 1 
(a) ZS mgR (b) 2mgR(c) mgR (d) 7 mgR 


3. Ifthe distance between the earth and the sun were half its 
present value, the number of days in a year would have 
been (1996 - 2 Marks) 
(a) 645 (b) 129 (c) 1825 (d) 70 

4. A geo-stationary satellite orbits around the earth in a circular 
orbit of radius 36,000km. Then, the time period of a spy 
satellite orbiting a few hundred km above the earth's surface 
(Rearth = 9,400km) will approximately be (2002S) 


(a) 1/2hr (b) lhr (c) 2hr (d) 4hr 
A simple pendulum is oscillating without damping. When 
the displacement of the bob is less than maximum, its 
acceleration vector g is correctly shown in : (2002S) 


(b) 


a 


. 
nusse*” 


. 
- 
masse” 


(0) : (a) 


. 
. 
musee® 


©} 
2} 


A binary star system consists of two stars A and B which 
have time period 7, and Ty, radius R ,and R, and mass M 


and M,. Then (2006 - 3M, —I) 
(a) iff,>T,thenR,>Rp, (b) if7,>T,thenM,>M, 
yi 3 
(T,\" (Ry) 


( 
© lag) “lag @ Tet 


A spherically symmetric gravitational system of particles 


Po for r<R 


has a mass density P = re 


where Pp 1s a constant. A test mass can undergo circular 

motion under the influence of the gravitational field of 

particles. Its speed v as a function of distance r (0 <r < 0) 

from the centre of the system is represented by— (2008) 
: Vv 


10. 


A thin uniform annular disc (see figure) of mass M has outer 
radius 4R and inner radius 3R. The work required to take a 
unit mass from point P on its axis to infinity is (2010) 


(a) ——(4V2-5) 


(b) Sr 2 —5) 


a a 

aaa mata 3 

~ NOONE EE S 

a EN 
oe 


GM 2GM 
© aR (@) = -W2-) 
A satellite is moving with a constant speed ‘V’ ina circular 
orbit about the earth. An object of mass ‘m’ is ejected from 
the satellite such that it just escapes from the gravitational 
pull of the earth. At the time of its ejection, the kinetic energy 
of the object is (2011) 
@) mV? >) m2 © 


3 
smv" (d)  2mvV? 


| , 
A planet of radius R = ia (radius of Earth) has the same 


. ee ae R 
mass density as Earth. Scientists dig a well of depth 5 on 


it and lower a wire of the same length and a linear mass 
density 10-3 kg m7! into it. If the wire is not touching 
anywhere, the force applied at the top of the wire by a person 
holding it in place is (take the radius of Earth = 6 x 10° m and 
the acceleration due to gravity on Earth is 10 ms~?) 

(JEE Adv. 2014) 
120N (d)_ 150N 


(a) 96N (b) 108N_ (o) 


1» MCQs with One or More than One Correct 


1. 


Imagine a light planet revolving around a very massive star 

in a circular orbit of radius R with a period of revolution 7. If 

the gravitational force of attraction between the planet and 
the star is proportional to R~>” (1989 - 2 Mark) 

(a) T* is proportional to R? 

(b) 7? is proportional to R’”” 

(c) Tis proportional to R?7 

(d) 7 is proportional to R3/7 

A solid sphere of uniform density and radius 4 units is located 

with its centre at the origin O of coordinates. Two spheres 

of equal radii 1 unit, with their centres at A (—2, 0 ,0) and 

B (2, 0, 0) respectively, are taken out of the solid leaving 

behind spherical cavities as shown in fig (1993-2 Marks) 

Then : 

(a) The gravitational 
force due to this 
object at the origin is 
Zero. 

(b) the gravitational force 
at the point B (2, 0 ,0) 
1S Zero. 

(c) the gravitational potential is the same at all points of 
circle y2 + z* = 36. 

(d) the gravitational potential is the same at all points on 
the circle y* + 27 =4. 

The magnitudes of the gravitational field at distance r, and 

ry from the centre ofa uniform sphere of radius R and mass 


6. 


E Subjective Problems 
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mare F’, and F, respectively. Then: (1994 - 2 Marks) 


Ah 

(a) an ify <Randm<R 
oa 

(b) F 72 if4>Randnm>R 
Ai 

(c) Roh ify >Randnm>R 


F_ tt 
(d) Ry ow ify <Randm<R 


A satellite Sis moving in an elliptical orbit around the earth. 

The mass of the satellite is very small compared to the mass 

of the earth. (1998S - 2 Marks) 

(a) The acceleration of S is always directed towards the 
centre of the earth. 

(b) The angular momentum of S about the centre of the 
earth changes in direction, but its magnitude remains 
constant. 

(c) The total mechanical energy of S varies periodically 
with time. 

(d) The linear momentum of S remains constant in 
magnitude. 

Two spherical planets P and Q have the same uniform 

density p, masses M and Mo and surface areas A and 4A 

respectively. A spherical planet R also has uniform density 

p and its mass is (p+ M_). The escape velocities from the 

planets P, Q and R are Vp, Vo and Vp, respectively. Then 


(2012) 
(a) Vo>Vp>Vp (b) Vp>Vo>Vp 

1 
(c) Vol Vp=3 (d) Vp/Vg=5 


Two bodies, each of mass M, are kept fixed with a separation 
2L. A particle of mass m 1s projected from the midpoint of the 
line joining their centres, perpendicular to the line. The 
gravitational constant is G. The correct statement(s) 1s (are) 

(JEE Adv. 2013) 
(a) The minimum initial velocity of the mass m to escape 


re a GM 
the gravitational field of the two bodies is 4, =n 


(b) The minimum initial velocity of the mass m to escape 


GM 
the gravitational field of the two bodies is 2 , |[—— 


L 
(c) The minimum initial velocity of the mass m to escape 
— _ , {2GM 
the gravitational field of the two bodies 1s TT 


(d) The energy of the mass m remains constant 


Two satellites S$; and S, revolve round a planet in coplanar 
circular orbits in the same sense. Their periods of revolution 
are 1 hour and 8 hours respectively. The radius of the orbit 
of S, is 104 km. When S, is closest to S,, find 
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(i) the speed of S, relative to S;, 

(il) the angular speed of S, as actually observed by an 
astronaut in S). (1986 - 6 Marks) 

Three particles, each of mass m, are situated at the vertices 

of an equilateral triangle of side length a. The only forces 

acting on the particles are their mutual gravitational forces. 

It is desired that each particle moves in a circle while 

maintaining the original mutual separation a. Find the intial 

velocity that should be given to each particle and also the 
time period of the circular motion. (1988 - 5 Marks) 

An artificial satellite is moving in a circular orbit around the 

earth with a speed equal to half the magnitude of escape 

velocity from the earth. (1990 - 8 Mark) 

(i) Determine the height of the satellite above the earth’s 
surface. 

(i) If the satellite is stopped suddenly in its orbit and 
allowed to fall freely onto the earth, find the speed with 
which it hits the surface of the earth. 

Distance between the centres of two stars is 10a. The masses 

of these stars are VM and 16M and their radii a and 2a, 

respectively. A body of mass m is fired straight from the 
surface of the larger star towards the smaller star. What 
should be its minimum initial speed to reach the surface of 

the smaller star? Obtain the expression in terms of G, M@ 

and a. (1996 - 5 Marks) 

A body is projected vertically upwards from the bottom of a 


R 
crater of moon of depth 100 where R is the radius of moon 


with a velocity equal to the escape velocity on the surface 
of moon. Calculate maximum height attained by the body 
from the surface of the moon. (2003 - 4 Marks) 


H Assertion & Reason Type Questions 


STATEMENT - 1: An astronaut in an orbiting space station 
above the earth experiences weightlessness. 

because 

STATEMENT - 2: An object moving the earth under the 
influence of Earth’s gravitational force is in a state of “‘free- 
fall’. (2008) 


Section-B 


5. 


The kinetic energy needed to project a body of mass m from 

the earth surface (radius R) to infinity is ]2002| 

(a) mgR/2 (b) 2mgR (c) mgR  (d) mgR/4. 

If suddenly the gravitational force of attraction between 

Earth and a satellite revolving around it becomes zero, then 

the satellite will ]2002] 

(a) continue to move in its orbit with same velocity 

(b) move tangentially to the original orbit in the same 
velocity 

(c) become stationary in its orbit 

(d) move towards the earth 

Energy required to move a body of mass m from an orbit of 

radius 2R to 3R is ]2002| 

(a) GMm/12R? (b) GMm/3R? 

(c) GMm/8R (d) GMm/6R. 

The escape velocity of a body depends upon mass as 

(a) m° (b) mm! ]2002| 

(c) m (d) m?. 


Te 


I Integer Value Correct Type 


(a) Statement- 1 is True, Statement-2 is True, Statement-2 
is a correct explanation for Statement -1 

(b) Statement -1 1s True, Statement -2 is True ; Statement- 
2 1s NOT acorrect explanation for Statement - 1 

(c) Statement - 1 is True, Statement- 2 is False 

(d) Statement -1 is False, Statement -2 is True 


— ; . v6 
Gravitational acceleration on the surface ofa planet is = g. 
where g is the gravitational acceleration on the surface of 


7 
the earth. The average mass density of the planet is > 


times that of the earth. If the escape speed on the surface of 
the earth is taken to be 11 kms!, the escape speed on the 
surface of the planet in kms“! will be (2010) 
A bullet is fired vertically upwards with velocity v from the 
surface of a spherical planet. When it reaches its maximum 


; , , .. I 
height, 1ts acceleration due to the planet's gravity is ri th of 


its value of the surface of the planet. If the escape velocity 
from the planet isv... = y./W , then the value of N is (ignore 
energy loss due to atmosphere) (JEE Ady. 2015) 
A large spherical mass M is fixed at one position and two 
identical point masses m are kept on a line passing through 
the centre of M (see figure). The point masses are connected 
by a rigid massless rod of length @ and this assembly is free 
to move along the line connecting them. All three masses 
interact only through their mutual gravitational interaction. 
When the point mass nearer to Mis at a distance r= 32 from 


M, the tension in the rod 1s zero for m =k () The value 


of k is (JEE Ady. 2015) 


C4. m m 
——— tone in 
r / 


The time period of a satellite of earth is 5 hours. If the 
separation between the earth and the satellite is increased 
to 4 times the previous value, the new time period will become 
(a) 10hours (b) 80hours [2003] 
(c) 40hours (d) 20hours 

Two spherical bodies of mass M and 5M & radii R & 2R 
respectively are released in free space with initial separation 
between their centres equal to 12 R. Ifthey attract each other 
due to gravitational force only, then the distance covered by 
the smaller body just before collision is [2003] 
(a) 2.5R (b) 4.5R (c) 7.5R (d)1.5R 

The escape velocity for a body projected vertically upwards 
from the surface of earth is 11 km/s. If the body is projected 
at an angle of 45°with the vertical, the escape velocity will be 


(a) 11V2km/s (b) 22km/s [2003] 
11 
(c) 11km/s (d) oo 


10. 


11. 


12. 


13; 


14. 


15. 


16. 


A satellite of mass m revolves around the earth of radius R 
at a height x from its surface. If g 1s the acceleration due to 
gravity on the surface of the earth, the orbital speed of the 


satellite is ]2004] 
») ( 2 \ 1/2 
eR gR gk 
Ors OR, OF OMlRZ 
The time period of an earth satellite in circular orbit is 
independent of ]2004| 


(a) both the mass and radius of the orbit 

(b) radius of its orbit 

(c) the mass of the satellite 

(d) neither the mass of the satellite nor the radius of its 
orbit. 

If “g’ is the acceleration due to gravity on the earth’s surface, 

the gain in the potential energy of an object of mass ‘m’ 

raised from the surface of the earth to a height equal to the 

radius ‘R' of the earth is ]2004| 


f@) rmgR (b) 5mgR —(c) 2mgR (Ame 


Suppose the gravitational force varies inversely as the nth 

power of distance. Then the time period ofa planet in circular 

orbit of radius ‘R’ around the sun will be proportional to 
]2004| 


n—| n+1 n—2 
(a) R" (b) A 7 (c) a 2 ox z 
The change in the value of ‘g’ at a height ‘h’ above the 
surface of the earth is the same as at a depth ‘d’ below the 
surface of earth. When both ‘d’ and ‘h’ are much smaller 
than the radius of earth, then which one of the following is 
correct ? ]2005| 


3h h 
@) d= (b)d=> ©d=h (d)d=2h 


A particle of mass 10 g is kept on the surface of a uniform 
sphere of mass 100 kg and radius 10 cm. Find the work to 
be done against the gravitational force between them to 
take the particle far away from the sphere (you may take G 


=6.67x 10 |! Nm? /kg”) ]2005| 
(a) 3.33x 107° J (b) 13.34 10719 J 


(c) 6.67x 107° J (d) 6.67x10~? J 

Average density of the earth ]2005| 
(a) isacomplex function of g 

(b) does not depend on g 

(c) is inversely proportional to g 

(d) is directly proportional to g 

A planet in a distant solar system is 10 times more massive 
than the earth and its radius is 10 times smaller. Given that 
the escape velocity from the earth is 11 km s~!, the escape 
velocity from the surface of the planet would be |2008] 
(a) l.Jkms! (b) Ilkms! ©) 110kms! @d)011kms! 
This question contains Statement-1 and Statement-2. Of the 
four choices given after the statements, choose the one 
that best describes the two statements. ]2008] 
Statement-1 : 

For amass M kept at the centre ofa cube of side ‘a’, the flux 
of gravitational field passing through its sides 4 7 GM. 
Statement-2: 

If the direction of a field due to a point source 1s radial and 
its dependence on the distance ‘7’ from the source 1s given 


1 
as ©) , Its flux through a closed surface depends only on 


7. 


18. 


19. 


20. 


21. 


22; 


25; 
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the strength of the source enclosed by the surface and not 

on the size or shape of the surface. 

(a) Statement -1 is false, Statement-2 is true 

(b) Statement -1 is true, Statement-2 1s true; Statement -2 1s 
a correct explanation for Statement-1 

(c) Statement -1 is true, Statement-2 is true; Statement -2 
is not acorrect explanation for Statement-1 

(d) Statement -1 is true, Statement-2 1s false 

The height at which the acceleration due to gravity becomes 


. (where g = the acceleration due to gravity on the surface 


of the earth) in terms of R, the radius of the earth, is : [2009] 


R 
(a) Yn (b) R/2 (c) J2R (d)2R 


Two bodies of masses m and 4 m are placed at a distance r. 
The gravitational potential at a point on the line joining 
them where the gravitational field is zero 1s: [2011] 


@ Sw - @ -—@xer0 

The mass of a spaceship is 1000 kg. It is to be launched from 
the earth's surface out into free space. The value of g and R 
(radius of earth) are 10 m/s? and 6400 km respectively. The 
required energy for this work will be : [2012] 
(a) 64x10!!Joules  (b) 6.4.x 108 Joules 

(c) 6.4x 10? Joules (d) 6.4x 10! Joules 

What is the minimum energy required to launch a satellite of 
mass m from the surface ofa planet of mass M and radius R 
in a circular orbit at an altitude of 2R? |JEE Main 2013] 


5GmM 2GmM GmM 

gS oS oF = 
R 

Four particles, each of mass M and equidistant from each 

other, move along a circle of radius R under the action of 

their mutual gravitational attraction. The speed of each particle 

1S: [JEE Main 2014] 


GM GM 
@ VR wo) pre 


(c) (1422) (d 5 (1+2V2) 


From a solid sphere of mass M and radius R, a spherical 
portion of radius R/2 is removed, as shown in the figure. 
Taking gravitational potential V = 0 at r =, the potential at 
the centre of the cavity thus formedis: [JEE Main 2015] 
(G = gravitational constant) 


foe 


rt 
~2GM » -GM _G 
oS Oo“ oF o— 


A satellite is revolving in a circular orbit at a height ‘h' from 
the earth's surface (radius of earth R;h <<R). The minimum 
increase in its orbital velocity required, so that the satellite 
could escape from the earth's gravitational field, is close to 
: (Neglect the effect of atmosphere.) ]JEE Main 2016] 


(a) JgR/2 (b) eR (V2-1) 
(c) /2gR (a) JgR 
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A Fill inthe Blanks 4. 


A wire of length L and cross sectional area A is made of a 
material of Young’s modulus Y. If the wire is stretched by an 
amount x, the work done Is ................. (1987 - 2 Marks) 
A solid sphere of radius R made of a material of bulk modulus 
K is surrounded by a liquid in a cylindrical container. A 
massless pistion of area A floats on the surface of the liquid. 
When a mass / is placed on the piston to compress 
the liquid the fractional change in the radius of the sphere, 
§ RIRAS «0.0.2.2... (1988 - 2 Mark) 


A piece of metal floats on mercury. The coefficients of 
volume expansion of the metal and mercury are y, and y> 

respectively. If the temperatures of both mercury and the 
metal are increased by an amount AT , the fraction of the 
volume of the metal submerged in mercury changes by the 
(1991 - 2 Mark) 
A horizontal pipeline carries water in a streamline flow. 
At a point along the pipe, where the cross- sectional 
area is 10 cm’, the water velocity is 1 ms"! and the 
pressure is 2000 Pa. The pressure of water at another 


point where the cross-sectional area is 5 cm”, is... Pa. 
(Density of water = 10° kg.-m~°) (1994 - 2 Marks) 


B True/False 


A man js sitting in a boat which is floating in a pond. If the 
man drinks some water from the pond, the level of the water 
in the pond decreases. (1980) 
A barometer made of a very narrow vacuum 
tube (see Fig) is placed at normal 
temperature and pressure. The ser 
coefficient of volume expansion of _/——~4?: 


mercury is 0.00018 per C° and that |:2:222212:9222:22: 


of the tube is negligible. The ‘\cai=i=i-:-:-:- 
temperature of mercury in the barometer is now raised by 
1°C, but the temperature of the atmosphere does not change. 
Then the mercury height in the tube remains unchanged. 

(1983 - 2 Marks) 


Water in a closed tube (see Fig) 1s heated 
with one arm vertically placed above a lamp. 
Water will begin to circulate along the tube 
in counter-clockwise direction. 


A= 


(1983 - 2 Marks) 
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A block of ice with a lead shot embedded in it is floating on 
water contained in a vessel. The temperature of the system 
is maintained at 0°C as the ice melts. When the ice melts 
completely the level of water in the vessel rises . 

(1986 - 3 Marks) 


MCQs with One Correct Answer 


A vessel containing water is given a constant acceleration 
‘a’ towards the right along a straight horizontal path. Which 
of the following diagrams in Fig. represents the surface of 
the liquid ? (1981-2 Marks) 


(a) (b) 
The following four wires are made of the same material. 
Which of these will have the largest extension when the 
same tension 1s applied ? (1981- 2 Marks) 
(a) length=50cm, diameter = 0.5 mm 
(b) length= 100 cm, diameter = 1 mm 
(c) length=200 cm, diameter = 2 mm 
(d) length =300 cm, diameter = 3 mm. 
A U-tube of uniform cross section (see Fig) is partially filled 
with a liquid I. Another liquid II which does not mix with 
liquid I is poured into one side. It is found that the liquid 
levels of the two sides of the tube are the same, while the 
level of liquid I has risen by 2 cm. If the specific gravity of 
liquid I is 1.1, the specific gravity of liquid IT must be 
(1983 - 1 Mark) 


(a) 1.12 
(b) 1.1 
(c) 1.05 


(d) 10 SEES 

A homogeneous solid cylinder of length L (L < H/2), cross- 
sectional area 4/5 1s immersed such that it floats with its axis 
vertical at the liquid-liquid interface with length Z/4 in the 
denser liquid as shown in the figure. The lower density 
liquid is open to atmosphere having pressure P,. Then 
density D of solid 1s given by (1995S) 


(a) 2d 

4 
(b) 54 
(c) 4d 
a 
@ < 


A large open tank has two holes in the wall. One 1s a square 
hole of side Z at a depth y from the top and the other is a 
circular hole of radius R at a depth 4 y from the top. When 
the tank is completely filled with water, the quantities of 
water flowing out per second from both holes are the same. 


Then, R is equal to (2000S) 
L L 

(a) — () xt @©L (d) = 
lax 20 


A hemispherical portion of radius R is removed from the 
bottom of a cylinder of radius R. The volume of the remaining 
cylinder is V and its mass M. It is suspended by a string in 
a liquid of density p where it stays vertical. The upper 
surface of the cylinder is at a depth / below the liquid surface. 
The force on the bottom of the cylinder by the liquid 1s 


(a) Mg (2001S) 
(b) Mg —Vpg 


(c) Mg+nR*hpg 


(d) pg(V+nR*h) 


A wooden block, with a coin 
placed on its top, floats in 
water as shown in figure. The 
distance ¢ and h are shown 
here. After some time the coin 
falls into the water. Then 

(a) ¢ decreases and h increases 
(b) ¢ increases and h decreases 
(c) both ¢ andhincrease (d) both ¢ and h decrease 

The adjacent graph shows the estension (A?) of a wire of 
length 1 m suspended from the top of a roof at one end and 
with a load W connected to the other end. If the cross- 
sectional area of the wire is 10 m”, calculate the Young’s 
modulus of the material of the wire. (2003S) 
Al(x10-4m) 


(2002S ) 


(a) 2x10! Nim 
(b) 2x10-'N/m 


(c) 3x10-*N/m 


(d) 2x10-°N/m 20 40 60 80 


Water is filled in a container upto height 3m. A small hole 
of area ‘a’ is punched in the wall of the container at a 
height 52.5 cm from the bottom. The cross sectional area 


10. 


11. 


12. 


13. 


14. 


Topic-wise Solved Papers - PHYSICS 


of the container is A. Ifa/A = 0.1 then v? is (where v is the 

velocity of water coming out of the hole) (2005S) 

(a) SO (b) 51 (c) 48 (d) 51.5 

When temperature of a gas is 20°C and pressure is changed 

from p, = 1.01 x 10° Pa to p, =1.165 x 10° Pa then the 

volume changed by 10%. The bulk modulus is (2005S) 

(a) 1.55 x 10° Pa (b) 0.115 x 10°Pa 

(c) 1.4x 10°Pa (d) 1.01 x 10°Pa 

A glass tube of uniform 

internal radius (r) has a valve 

separating the two identical 

ends. Initially, the valve is in 

a tightly closed position. 92 

End 1 has a hemispherical soap bubble of radius r. End 2 has 

sub-hemispherical soap bubble as shown in figure. Just after 

opening the valve, (2008) 

(a) air from end 1 flows towards end 2. No change in the 
volume of the soap bubbles 

(b) air from end 1 flows towards end 2. Volume of the soap 
bubble at end 1 decreases 

(c) 

(d) 


no changes occurs 

air from end 2 flows towards end 1. volume of the soap 
bubble at end 1 increases 

A thin uniform cylindrical shell, closed at both ends, is 
partially filled with water. Itis floating vertically in water in 
half-submerged state. If p, is the relative density of the 
material of the shell with respect to water, then the correct 
statement is that the shell is (2012- II) 
(a) more than half-filled if p.is less than 0.5. 

(b) more than half-filled ifp,is more than 1.0. 

(c) half-filledifp, ismore than 0.5. 

(d) less than half-filled if p, is less than 0.5. 

One end of a horizontal thick copper wire of length 2Z and 
radius 2R is welded to an end of another horizontal thin 
copper wire of length Z and radius R. When the arrangement 
is stretched by applying forces at two ends, the ratio of the 
elongation in the thin wire to that in the thick wire 1s 

(a) 0.25 (b) 0.50 (QJEE Adv. 2013) 
(c) 2.00 (d) 4.00 
A glass capillary tube is of the shape of a truncated cone 
with an apex angle o so that its two ends have cross sections 
of different radii. When dipped in water vertically, water rises 
in it to a height h, where the radius of its cross section is b. If 
the surface tension of water is S, its density is p, and its 
contact angle with glass is 0, the value of h will be (g is the 
acceleration due to gravity) (JEE Adv. 2014) 


2S 
(a) io —a) 

2S h 
(b) roma +a) 


29 
(c) re —o/2) 


2S 
(d) oo +o/2) 
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1» MCQs with One or More than One Correct 


A body floats in a liquid contained in a beaker. The whole 
system as shown in Figure falls freely under gravity. The 
upthrust on the body is (1982 - 3 Marks) 


(a) zero 
(b) equal to the weight of the liquid displaced 
(c) equal to the weight of the body in air 
(d) equal to the weight of the immersed portion of the body 
The spring balance A reads 2 kg with a block m suspended 
from it. A balance B reads 5 kg when a beaker with liquid is 
put on the pan of the balance. The two balances are now so 
arranged that the hanging mass 1s inside the liquid in the 
beaker as shown in the figure. In this situation: 

(1985 - 2 Marks) 


(a) the balance A will read more than 2 kg 

(b) the balance B will read more than 5 kg 

(c) the balance A will read less than 2 kg 
and B will read more than 5 kg 

(d) the balance A and B will read 2 kg and 
5 kg respectively 

A vessel contains oil (density = 0.8 gm/cm?*) over mercury 

(density = 13.6 gm cm?). A homogeneous sphere floats with 

halfits volume immersed in mercury and the other half in oil. 

The density of the material of the sphere in gm/cm? is 

(1988 - 2 Mark) 


(a) 33 (b) 64 

(c) 72 (d) 128 

Two rods of different materials having coefficients of thermal 
expansion o,, &» and Young’s moduli Y,, Y> respectively 


are fixed between two rigid massive walls. The rods are 
heated such that they undergo the same increase in 


temperature. There is no bending of the rods. If a): a5 = 
2 : 3, the thermal stresses developed in the two rods are 


equal provided Y, : Y> is equal to (1989 - 2 Mark) 


(a) 2:3 (b) 1:1 
(c) 3:2 (d) 4:9 
Water from a tap emerges vertically downwards with an 
initial spped of 1.0 m s“!. The cross-sectional area of the tap 
is 10-* m2. Assume that the pressure is constant throughout 
the stream of water, and that the flow is steady. The cross- 
sectional area of the stream 0.15 m below the tap is 

(1998S - 2 Marks) 
(a) 5.0 x 104m (b) 1.0 10°m/ 
(c) 5.0x 10°m? (d) 2.0x 10>m? 
A solid sphere of radius R and density p is attached to one 
end of a mass-less spring of force constant k. The other end 
of the spring is connected to another solid sphere of radius 
R and density 3p. The complete arrangement 1s placed in a 
liquid of density 2p and is allowed to reach equilibrium. The 
correct statement(s) 1s (are) (JEE Ady. 2013) 


3 


(a) The net elongation of the spring is a 
fe 8nR° pg 
(b) The net elongation of the spring is a 


(c) The light sphere 1s partially submerged 

(d) The light sphere is completely submerged 

In plotting stress versus strain curves for two materials P 
and Q,a student by mistake puts strain on the y-axis and 
stress on the x-axis as shown in the figure. Then the correct 
statement(s) 1s (are) (JEE Adv. 2015) 


Strain 
<) 


Stress 
(a) Phas more tensile strength than Q 
(b) Pismore ductile than Q 
(c) Pismore brittle than Q 
(d) The Young's modulus of P is more than that of QO 
A spherical body of radius R consists of a fluid of constant 
density and is in equilibrium under its own gravity. If P(r) is 
the pressure at r(7 < R), then the correct option(s) 1s (are) 
(JEE Ady. 2015) 


P(r =3R/4) _ 63 


ar ©) B= 2RB) 80 
P(r =3R/5) _ 16 P(r=R/2) _ 20 
()  py=2R/s) 21 £4|© pe=RB) 27 


Two spheres P and Q of equal radii have densities p, and 
Py, respectively. The spheres are connected by a massless 
string and placed in liquids L, and L, of densities o, and o, 
and viscosities n, and 1», respectively. They float in 
equilibrium with the sphere P in L, and sphere Q in L, and 
the string being taut (see figure). If sphere P alone in L, has 


terminal velocity Vp and Qalone in L, has terminal velocity 


Vg, then (JEE Ady. 2015) 
Ve|_ my 

(a) Vo| N2 
aa ™ 


(dd) VpVg<0 


p-54 


Subjective Problems 


A column of mercury of 10 cm length is contained in the 
middle of a narrow horizontal 1 m long tube which is closed 
at both the ends. Both the halves of the tube contain air at 
a pressure of 76 cm of mercury. By what distance will the 
column of mercury be displaced if the tube is held vertically? 

(1978) 
A point mass m is suspended at the end of a massless wire 
of length / and cross section A. If Yis the Young’s modulus 
for the wire, obtain the frequency of oscillation for the simple 
harmonic motion along the vertical line. (1978) 
A cube of wood supporting 200 gm mass just floats in water. 
When the mass is removed, the cube ruses by 2cm. What is 
the size of the cube? (1978) 
A boat floating in a water tank is carrying a number of large 
stones. If the stones are unloaded into water, what will 
happen to the water level? (1979) 


A wooden plank of length 1 m and uniform cross-section is 
hinged at one end to the bottom of a tank as shown in fig 
The tank is filled with water upto a height 0.5 m. The specific 
gravity of the plank is 0.5. Find the angle 6 that the plank 
makes with the vertical in the equilibrium position. (Exclude 
the case 8 = 0°) (1984- 8 Marks) 


A ball of density d is dropped on to a horizontal solid surface. 
It bounces elastically from the surface and returns to its 
original position in a time ¢,. Next, the ball 1s released and it 
falls through the same height before striking the surface of 
a liquid of density of d, (1992 - 8 Marks) 
(a) Ifd<d,, obtain an expression (in terms of d, t, and d,) 
for the time ¢, the ball takes to come back to the position 
from which it was released. 

Is the motion of the ball simple harmonic? 

If d= d,, how does the speed of the ball depend on its 
depth inside the liquid? Neglect all frictional and other 
dissipative forces. Assume the depth of the liquid to 
be large. 

A container of large uniform cross-sectional area A resting 
on a horizontal surface, holds two immiscible, non-viscous 
and incompressible liquids of densities d and 2d, each of 
height H/2 as shown in the figure. The lower density liquid 
is open to the atmosphere having pressure P, . 

(1995 -5+5 Marks) 


(b) 
(Cc) 


(a) A homogeneous solid cylinder of length L(L < H/2), 
cross-sectional area A/5 is immersed such that it floats 
with its axis vertical at the liquid-liquid interface with 


length Z/4 in the denser liquid. Determine: 


10. 
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(i) the density D of the solid and 
(11) the total pressure at the bottom of the container. 
The cylinder is removed and the original arrangement 
is restored. A tiny hole of area s(s << A) is punched on 
the vertical side of the container at a height h(h < H7/2). 
Determine: 
(i) the initial speed of efflux of the liquid at the hole, 
(1) the horizontal distance x travelled by the liquid 
initially, and 
(ii) the height /, at which the hole should be punched 
so that the liquid travels the maximum distance x. 
initially. Also calculate x, . 
(Neglect the air resistance in these calculations.) 
A non-viscous liquid of constant density 1000 kg/m? flows 
in a streamline motion along a tube of variable cross section. 
The tube is kept inclined in the vertical plane as shown in 
Figure. The area of cross section of the tube two points P 
and Q at heights of 2 metres and 5 metres are respectively 
4x10-? m? and 8x 10-7 m2. The velocity of the liquid at point 
P is 1 m/s. Find the work done per unit volume by the 
pressure and the gravity forces as the fluid flows from point 
Pto@. (1997 - 5 Marks) 


(b) 


2m 

A uniform solid cylinder of 

density 0.8 g/cm? floats in 

equilibrium in a combination of 
two non-mixing liquids A and 

B with its axis vertical. 

The densities of the liquids 4 

and B are 0.7 g/cm? and 1.2 g/ 

cm?, respectively. The height 

of liquid A ish,=1.2 cm. The 
length of the part of the 

cylinder immersed in liquid B 

is h,=0.8 cm. (2002 - 5 Marks ) 

(a) Find the total force exerted by liquid A on the cylinder. 

(b) Find h, the length of the part of the cylinder in air. 

(c) The cylinder is depressed in such a way that its top 
surface is just below the upper surface of liquid A and is 
then released. Find the acceleration of the cylinder 
immediately after it is released. 

A bubble having surface tension 7 and radius R is formed 

on a ring of radius b (b << R). Air is blown inside the tube 

with velocity v as shown. The air molecule collides 
perpendicularly with the wall of the bubble and stops. 

Calculate the radius at which the bubble separates from the 

ring. (2003 - 4 Marks) 
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12. 


Shown in the figure is a — 2) 13. A uniform wire having mass per unit length A is placed over 
container whose top and - a liquid surface. The wire causes the liquid to depress by 
bottom diameters are D and d | y(y << a) as shown in figure. Find surface tension of liquid. 
respectively. At the bottom of h p Neglect end effect. (2004 - 2 Marks) 


the container, there is a 

capillary tube of outer radius 

b and inner radius a. 

The volume flow rate in the 

capillary is Q. Ifthe capillary <d> 
is removed the liquid comes out with a velocity of v,. The 
density of the liquid is given as p. Calculate the coefficient 
of viscosity 1. (2003 - 4 Marks) 
A tube has two area of cross-sections as shown in figure. 
The diameters of the tube are8 mm and2 mm. Findrangeof 14. A U tube is rotated about one of dr 
water falling on horizontal surface, if piston is moving with 3 

a constant velocity of 0.25 m/s, h = 1.25 m(g= 10 m/s?) 
(2004 - 2 Marks) 


it’s limbs with an angular 

velocity w. Find the difference 

in height A of the liquid 

oe . (density p) level, where 
* diameter of the tube d << L. 

(2005 - 2 Marks) 


Match the Following 


DIRECTIONS (Q. No. 1) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of 
which ONLY ONE is correct. 


1. 


A person in lift is holding a water jar, which has a small hole at the lower end of its side. When the lift is at rest, the water jet coming 
out of the hole hits the floor of the lift at a distance d of 1.2 m from the person. In the following, state of the lift’s motion 1s given 
in List-I and the distance where the water jet hits the floor of the lift is given in List-II. Match the statements from List-I with those 


in List-II and select the correct answer using the code given below the lists. (JEE Ady. 2014) 
List - I List - Il 

P. Lift 1s accelerating vertically up lL = =d=12m 

Q. Lift is accelerating vertically down with an acceleration less 2. d>1.2m 
than the gravitational acceleration 

R. Lift is moving vertically up with constant speed 3. d<1.2m 

S.  Liftis falling freely 4. No water leaks out of the jar 

Code: 

(a) P-2,Q-3, R-2, S-4 (b) P-2,Q-3, R-1,S-4 (c) P-1, Q-1, R-1,S-4 (d) P-2, Q-3, R-1, S-1 


G Comprehension Based Questions Situation I : Initially, the tank is filled with water of density p toa 
height such that the height of water above the top of the block is 


PASSAGE-I h, (measured from the top of the block). 


A cylindrical tank has a hole of diameter 27 in its bottom. Thehole —_ Situation II: The water is removed from the tank to a height h, 
is covered wooden cylindrical block of diameter 47, height hand (measured from the bottom of the block), as shown in the figure. 
density p/3. The height h, is smaller than h (height of the block) and thus the 


block is exposed to the atmosphere. 
1. Find the minimum value of height /, (in situation 1), for 
which the block just starts to move up? (2006 - 5M, —2) 
2h Sh Sh 


h 
at oF oF oF 


2. Find the height of the water level h, (in situation 2), for 
which the block remains in its original position without the 
application of any external force (2006 - 5M, —2) 


h 4h 2h 
@) 5 o> OF 
3. In situation 2, iff, is further decreased, then 
(2006 - 5M, —2) 
(a) cylinder will not move up and remains at its original 
position 


(d) h 


h 
(b) for h,= 3 cylinder again starts moving up 


h 
(c) forh,= a? cylinder again starts moving up 


h 
(d) for h,= 5° cylinder again starts moving up 


PASSAGE-II 

When liquid medicine of density P is to put in the eye, it is done 
with the help of a dropper. As the bulb on the top of the dropper 
is pressed, a drop forms at the opening of the dropper. We wish to 
estimate the size of the drop. We first assume that the drop formed 
at the opening is spherical because that requires a minimum 
increase in its surface energy. To determine the size, we calculate 
the net vertical force due to the surface tension 7 when the radius 
of the drop is R. When this force becomes smaller than the weight 
of the drop, the drop gets detached from the dropper. 
4. Ifthe radius of the opening of the dropper is 7, the vertical 

force due to the surface tension on the drop of radius R 


(assuming r<< R) 1s (2010) 
(a) 2nrT (b) 2x RT 

2nr?T 2nR?T 
©) = (d) 


5. Ifr=5x10’mp=10' kgm?, g=10 ms ’,7=0.11INm”., 
the radius of the drop when it detaches from the dropper is 


approximately (2010) 
(a) 1.4x103m (b) 3.3x10°m 
(C) 2.0x10%m (d) 4.1x10%m 
6. After the drop detaches, its surface energy 1s (2010) 
(a) 1.4x10°J (b) 2.7x10°J 
(Cc) 54x10°J (d) 81x10°J 
PASSAGE-III 


A spray gun is shown in the figure where a piston pushes air out 
of a nozzle. A thin tube of uniform cross section is connected to 
the nozzle. The other end of the tube is in a small liquid container. 
As the piston pushes air through the nozzle, the liquid from the 
container rises into the nozzle and is sprayed out. For the spray 
gun shown, the radii of the piston and the nozzle are 20 mm and 
1 mm respectively. The upper end of the container is open to the 
atmosphere. 


I Integer Value Correct Type 
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If the piston is pushed at a speed of 5 mms™!, the air comes 
out of the nozzle with a speed of (JEE Ady. 2014) 
(a) 0.1 ms! (b) 1 ms"! 

(c) 2ms! (d) 8ms"! 

If the density of air is p,, and that of the liquid p,, then for a 
given piston speed the rate (volume per unit time) at which 
the liquid is sprayed will be proportional to (JEE Adv. 2014) 


Pa p 
(a) Py (b) Pa) (c) {2 (d) p, 


H Assertion & Reason Type Questions 


STATEMENT-1 : The stream of water flowing at high speed 

from a garden hose pipe tends to spread like a fountain 

when held vertically up, but tends to narrow down when 

held vertically down. 

STATEMENT-2 : In any steady flow of an incompressible 

fluid, the volume flow rate of the fluid remains constant. 

(2008) 

(a) Statement-1 is True, Statement-2 1s True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1 

(c) Statement-1 1s True, Statement-2 1s False 

(d) Statement-1 is False, Statement-2 is True 


Two soap bubbles 4 and B are kept in a closed chamber 
where the air is maintained at pressure 8 N/m2. The radii of 
bubbles 4 and B are 2 cm and 4 cm, respectively. Surface 
tension of the soap-water used to make bubbles is 0.04 N/m. 
Find the ratio n,/n,, where n, and n, are the number of 
moles of air in bubbles A and B, respectively. [Neglect the 
effect of gravity. | (2009) 
A cylindrical vessel of height 500 mm has an orifice (small 
hole) at its bottom. The orifice 1s initially closed and water is 
filled in it up to height H. Now the top is completely sealed 
with a cap and the orifice at the bottom is opened. Some 
water comes out from the orifice and the water level in the 
vessel becomes steady with height of water column being 
200 mm. Find the fall in height (in mm) of water level due to 
opening of the orifice. 

[Take atmospheric pressure = 1.0 x 10° N/m?, density of 
water = 1000 kg/m?‘ and g = 10 m/s*. Neglect any effect of 
surface tension. | (2009) 
A 0.1 kg mass is suspended from a wire of negligible mass. 
The length of the wire is 1m and its crosssectional area is 
4.9 x 10-/ m?. If the mass is pulled a little in the vertically 
downward direction and released, it performs simple 
harmonic motion of angular frequency 140 rad s~!. If the 
Young’s modulus of the material of the wire is n x 10? Nm~?, 
the value of n 1s (2010) 
Consider two solid spheres P and Q each of density 8 gm 
cm? and diameters 1 cm and 0.5 cm, respectively. Sphere P 
is dropped into a liquid of density 0.8 gm cm-? and viscosity 
1 = 3 poiseulles. Sphere Q is dropped into a liquid of density 
1.6 gm cm? and viscosity n = 2 poiseulles. The ratio of the 
terminal velocities of P and Q is (JEE Ady. 2016) 
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A spring of force constant 800 N/m has an extension of 
5 cm. The work done in extending it from 5 cm to 15 cm is 
(a) 16J (b) 8J [2002| 
(c) 32J (d) 24] 

A wire fixed at the upper end stretches by length ¢ by 
applying a force F. The work done in stretching is [2004] 


F 
(a) 2F¢ (b) Fe (c) ae 5 


Spherical balls of radius ‘R’ are falling in a viscous fluid of 

viscosity “n’ with a velocity ‘v’. The retarding viscous force 

acting on the spherical ball is [2004] 

(a) inversely proportional to both radius ‘R’ and velocity ‘v’ 

(b) directly proportional to both radius ‘R’ and velocity ‘v’ 

(c) directly proportional to ‘R’ but inversely proportional 
to ‘v’ 

(d) inversely proportional to ‘R’ but directly proportional 
to velocity ‘v’ 

If two soap bubbles of different radii are connected by a 

tube. [2004] 

(a) air flows from the smaller bubble to the bigger 

(b) air flows from bigger bubble to the smaller bubble till 
the sizes are interchanged 

(c) air flows from the bigger bubble to the smaller bubble 
till the sizes become equal 

(d) thereis no flow of air. 

If ‘S’ is stress and ‘Y is young’s modulus of material of a 

wire, the energy stored 1n the wire per unit volume 1s 


2 

(a) — b) 252y 12005| 
S 

(c) ay (d) 2 


A 20 cm long capillary tube is dipped in water. The water 
rises up to 8 cm. If the entire arrangement 1s put in a freely 
falling elevator the length of water column in the capillary 
tube will be [2005] 


(a) 10cm (b) 8 cm (d) 4 cm 


A wire elongates by / mm when a load Ws hanged from it. 
If the wire goes over a pulley and two weights W each are 
hung at the two ends, the elongation of the wire will be 
(in mm) [2006| 


(a) / (b) 2/ (d)//2 


If the terminal speed ofa sphere of gold (density= 19.5 kg/m’) 
is 0.2 m/s in a viscous liquid (density = 1.5 kg/m?), find the 
terminal speed ofa sphere of silver (density = 10.5 kg/m?) of 
the same size in the same liquid [2006] 


(a) 0.4m/s (b) 0.133 m/s (c) 0.1m/s_ (d)0.2m/s 


A spherical solid ball of volume Vis made of a material of 
density p,. It is falling through a liquid of density p, (p,< 
p,). Assume that the liquid applies a viscous force on the 
ball that is proportional to the square of its speed v, 1.e., 
F = —ky* (k > 0). The terminal speed of the ball is 


Viscous 


(c) 20cm 


(c) zero 


10. 


11. 


VEPi 


V _ 


[2008] 
V _ 
(c) os (d) an 02) 


A jar 1s filled with two non-mixing liquids 1 and 2 having 
densities p, and, p, respectively. A solid ball, made of a 
material of density p,, is dropped in the jar. It comes to 
equilibrium in the position shown in the figure.Which of 
the following is true for p,, p,and p,? [2008] 


(a) P3<P; <P, 
(b) Pp, > P3 > Py 


(C) Pi <P <P 


(d) pP,<P3 <P, 


A capillary tube (A) 1s dipped in water. Another identical 
tube (B) is dipped in a soap-water solution. Which of the 
following shows the relative nature of the liquid columns in 
the two tubes? [2008] 


(a) 


(b) 


(d) 
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13. 


14. 


15. 


16. 


17. 


Two wires are made of the same material and have the same 
volume. However wire 1 has cross-sectional area A and wire 
2 has cross-sectional area 3A. Ifthe length of wire 1 increases 
by Ax on applying force F’, how much force is needed to 
stretch wire 2 by the same amount? [2009] 
(a) 4F (b) 6F (c) OF (d)F 

A ball is made of a material of density P where 
Poil <P <Pwater With Po and Pwater representing the 
densities of oil and water, respectively. The oil and water are 
immiscible. If the above ball is in equilibrium 1n a mixture of 


this oil and water, which of the following pictures represents 
its equilibrium position ? [2010] 


(b) 


(c) (d) 


Two identical charged spheres are suspended by strings of 
equal lengths. The strings make an angle of 30° with each 
other. When suspended in a liquid of density 0.82 cm73, the 
angle remains the same. If density of the material of the 
sphere is 1.6 g cm”? , the dielectric constant of the liquid is 
(a) 4 (b) 3 ]2010| 
(c) 2 (d) 1 

Work done in increasing the size of a soap bubble from a 
radius of 3 cm to 5 cm is nearly (Surface tension of soap 


solution = 0.03 Nm!) ]2011| 
(a) 0.2nmJ (b) 2xmJ 
(c) 04xmJ (d) 4nmJ 


Water is flowing continuously from a tap having an internal 
diameter 8 x 10-3 m. The water velocity as it leaves the tap is 
0.4 ms~!. The diameter of the water stream at a distance 


2 x 107! m below the tap is close to: ]2011| 
(a) 75x 103m (b) 9.6x 103m 
(c) 3.6x 103m (d) 5.0x 103m 


A thin liquid film formed between a U-shaped wire and a light 
slider supports a weight of 1.5 x 10- N (see figure). The 
length of the slider is 30 cm and its weight negligible. The 
surface tension of the liquid film is ]2012] 
(a) 0.0125Nm! 

(b) 0.1 Nm! 

(c) 0.05Nn! 

(d) 0.025Nm7! 


18. 


19. 


20. 


Zi. 


A uniform cylinder of length L and mass M having cross- 
sectional area A 1s suspended, with its length vertical, 
from a fixed point by a massless spring such that it is 
half submerged in a liquid of density o at equilibrium 
position. The extension xX, of the spring when it is in 
equilibrium 1s: 


| JEE Main 2013 | 
Mg Mg/,_ LAo 
(a) : (b) 7 [i MI 
k 2M k M 


Assume that a drop of liquid evaporates by decrease in its 
surface energy, so that its temperature remains 
unchanged. What should be the minimum radius of the drop 
for this to be possible? The surface tension 1s T, density of 
liquid is p and L is its latent heat of vaporization. 

[JEE Main 2013 | 


(a) pLIT (b) JT/pL 

(c) T/pL (d) 2T/pL 
On heating water, bubbles being formed at the bottom of the 
vessel detach and rise. Take the bubbles to be spheres of 
radius R and making a circular contact of radius r with the 
bottom of the vessel. If r< R and the surface tension of 
water is T, value of r just before bubbles detach 1s: 


(density of water is p,, ) [JEE Main 2014] 


Py, Pw R? PwS 
3T 


3Pw8 
R? Pw8 R? (22 
(@) Ry @) RS 


An open glass tube is immersed in mercury in such a way 
that a length of 8 cm extends above the mercury level. The 
open end of the tube is then closed and sealed and the tube 
is raised vertically up by additional 46 cm. What will be length 
of the air column above mercury in the tube now? 
(Atmospheric pressure= 76cm ofHg) |JEE Main 2014] 
(a) 16cm (b) 22cm 

(c) 38cm (d) 6cm 


(a) R’ 
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CHAPTER 


a Section-A 


A Fill inthe Blanks 9. 


One mole of a mono-atomic ideal gas is mixed with one mole 
ofa diatomic ideal gas. The molar specific heat of the mixture 
at constant volume 1s ....... (1984- 2 Marks) 
The variation of temperature ofa material as heat is given to 
it at a constant rate is shown in the figure. The material is in 
solid state at the point O. The state of the material at the 
point Pis........ (1985 - 2 Marks) 


o HEAT ADDED —»> 


During an experiment, an ideal gas is found to obey an 
additional law VP* =constant, The gas is initially at a 
temperature 7, and volume V. When it expands to a volume 
2V, the temperature becomes.......... (1987 - 2 Marks) 
300 grams of water at 25° C is added to 100 grams of ice at 
0°C. The final temperature of the mixture is .....°C. 

(1989 - 2 Marks) 
The earth receives at its surface radiation from the sun at 
the rate of 1400 W m~. The distance of the centre of the sun 
from the surface of the earth is 1.5 x 10!! mand the radius of 
the sun is 7 x 108 m. Treating the sun as a black body, it 
follows from the above data that its surface temperature 
ee K. (1989 - 2 Marks) 
A solid copper sphere (density P and specific heat c) of 
radius r at an initial temperature 200 K is suspended inside 
a chamber whose walls are at almost OK. The time required 
for the temperature of the sphere to drop to 100K is 
ae eaeineee (1991 - 2 Marks) 
A point source of heat of power P is placed at the centre of 
a spherical shell ofmean radius R. The material of the shell 
has thermal conductivity K. If the temperature difference 
between the outer and inner surface of the shell in not to 
exceed 7, the thickness of the shell should not be less than 
eee. (1991 - I Mark) 
A substance of mass M kg requires a power input of P watts 
to remain in the molten state at its melting point. When the 
power source 1s turned off, the sample completely solidifies 
in time t seconds. The latent heat of fusion of the substance 
19 ceeteeetete (1992 - 1 Mark) 


10. 


11. 


IZ. 


Heat & Thermodynamics 


and Gases 


JEE @dvanced/ IIT-JEE 


A container of volume 1m? is divided into two equal parts 
by a partition. One part has an ideal gas at 300K and the 
other part is vacuum. The whole system is thermally isolated 
from the surroundings. When the partition is removed, the 
gas expands to occupy the whole volume. Its temperature 
will now be....... (1993-1 Mark) 
An ideal gas with pressure P, volume V and temperature Tis 
expanded isothermally to a volume 2V and a final pressure 
P.. If the same gas is expanded adiabatically to a volume 2V, 
the final pressure is P_. The ratio of the specific heats of the 


P 
gas is 1.67. Theratio BR is..... (1994 - 2 Marks) 


Two metal cubes A and B of same size are arranged as shown 
in Figure. The extreme ends of the combination are maintained 
at the indicated temperatures. The arrangement 1s thermally 
insulated. The coefficients of thermal conductivity of A and 
B are 300 W/m °C and 200 W/m°C, respectively. After steady 
state 1s reached the temperature ¢ of the interface will be ..... 
(1996 - 2 Marks) 


A ring shaped tube contains two ideal gases with equal 
masses and relative molar masses M,= 32 and M, = 28. The 
gases are separated by one fixed partition and another 
movable stopper S which can move freely without friction 
inside the ring. The angle a as shown in the figure is ........... 
degrees. (1997 - 2 Marks) 


Earth receives 1400 W/m? of solar power If all the solar 
energy falling on a lens of area 0.2 m2 is focused on to a 
block of ice of mass 280 grams, the time taken to melt the ice 
will be... minutes. (Latent heat of fusion of ice = 3.3 x 10° J/ 
kg.) (1997 - 2 Marks) 


True/False 


The root-mean square speeds of the molecules of different 
ideal gases, maintained at the same temperature are the same. 

(1981- 2 Marks) 
The volume V versus temperature T graphs for a certain 
amount of a perfect gas at two pressure p, and p, are as 
shown in Fig. It follows from the graphs that p, is greater 
than p,. (1982 - 2 Marks) 

V P\ 


T 


Two different gases at the same temperature have equal 
root mean square velocities. (1982 - 2 Marks) 


7 
The ratio ofthe velocity of sound in Hydrogen gas ( Y = 5? 


tothat in Helium gas(Y = : ) atthe same temperature is 5. 
(1983 - 2 Marks) 
The curves A and B in the figure shown P-V graphs for an 
isothermal and an adiabatic process for an ideal gas. The 
isothermal process is represented by the curve A. 
(1985 - 3 Marks) 


- A 
B 


v— 

Ata given temperature, the specific heat of a gas at constant 
pressure 1s always greater than its specific heat at constant 
volume. (1987 - 2 Marks) 
The root mean square (rms) speed of oxygen molecules (O,) 
at a certain temperature T (degree absolute) is V. If the 
temperature is doubled and oxygen gas dissociates into 
atomic oxygen, the rms speed remains unchanged. 

(1987 - 2 Marks) 
Two spheres of the same meterial have radi 1 m and 4 mand 
temperatures 4000K and 2000K respectively. The energy 
radiated per second by the first sphere is greater than that 
by the second. (1988 - 2 Marks) 


MCQs with One Correct Answer 


A constant volume gas thermometer works on 
(a) The Principle of Archimedes 

(b) Boyle’s Law 

(c) Pascal’s Law 

(d) Charle’s Law 


(1980) 


- eo SE opic-wise Solved Papers - PHYSICS 


2. 


A metal ball immersed in alcohol weighs W, at 0°C and W, 

at 50°C. The coefficient of expansion of Babical the metal 1 7 
less than that of the alcohal. Assuming that the density of 
the metal is large compared to that of alcohol, it can be 


shown that (1980) 
(a) W,>W, (b) W,=W, 
(c) W,<W, (d) None of these 


A wall has two layers A and B, each made of different 
material. Both the layers have the same thickness. The 
thermal conductivity of the meterial of A is twice that of B. 
Under thermal equilibrium, the temperature difference 
across the wall is 36°C. The temperature difference across 
the layer A is ( 1980) 
(a) 6C (b) 12°C (c) 18°C (d) 24°C 
An ideal monatomic gas is taken round the cycle ABCDA as 
shown in the P — V diagram (see Fig.). The work done 
during the cycle is P (1983 - 1 Mark) 
(a) PV 
(b) 2PV 


(c) = PV 
(d) zero 


| ae , 
If one mole of amonatomic gas | Y = ;) is mixed with one 


. 7 
mole of a diatomic gas ; = 2) , the value of Y for mixture 


1s (1988 - 1 Mark) 

(a) 1.40 (b) 1.50 (c) 1.53 (d) 3.07 

From the following statements concerning ideal gas at any 

given temperature T, select the correct one(s) (1995S) 

(a) The coefficient of volume expansion at constant 
pressure is the same for all ideal gases 

(b) The average translational kinetic energy per molecule 
of oxygen gas is 3kT, k being Boltzmann constant 

(c) The mean-free path of molecules increases with 
increases in the pressure 

(d) Ina gaseous mixture, the average translational kinetic 
energy of the molecules of each component is different 

Three rods of identical cross-sectional area and made from 

the same metal from the sides of an isosceles traingle ABC, 

right-angled at B. The points A and B are maintained at 


temperatures T and (J2 ) Trespectively. In the steady state, 
the temperature of the point C is 7. Assuming that only 


heat conduction takes place, T./ Tis (1995S) 
TS 3 
(a) 2( DS = (b) 241 
| | 
© 2-0 a4 


Two metallic spheres S, and. S, are made of the same material 
and have got identical surface finish. The mass of S, 1s 
thrice that of S,. Both the spheres are heated to the same 
high temperature and placed in the same room having lower 
temperature but are thermally insulated from each other. The 
ratio of the initial rate of cooling of S, to that of S, is (1995.8) 
l 
v3 @ (1) 
l 3 


1 l 
™@z OF © 
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9. 


10. 


11. 


1, 


13. 


14. 


15. 


16. 


17. 


The average translational kinetic energy of O, (relative molar 
mass 32) molecules at a particular temperature is 0.048 eV. 
The translational kinetic energy of N, (relative molar mass 
28) molecules in eV at the same temperature 1s (1997 - I Mark) 
(a) 0.0015 (b) 0003 (c) 0.048 (d) 0.768 

A vessel contains | mole of O, gas (relative molar mass 32) 
at a temperature T. The pressure of the gas is P. An identical 
vessel containing one mole of He gas (relative molar mass 
4) at a temperature 2T hasa pressure of (1997-1 Mark) 
(a) P/8 (b) P (c) 2P (d) 8P 

A spherical black body with a radius of 12 cm radiates 450 
W power at 500 K. if the radius were halved and the 
temperature doubled, the power radiated in watt would be 


(1997-1Mark) 18. 


(a) 225 (b) 450 (c) 900 (d) 1800 

A closed compartment containing gas is moving with some 
acceleration in horizontal direction. Neglect effect of gravity. 
Then the pressure in the compartment is (1999S - 2 Marks) 
(a) same everywhere (b) lower in the front side 
(c) lowerintherearside (d) lower inthe upper side 
A gas mixture consists of 2 moles of oxygen and 4 moles of 
argon at temperature T. Neglecting all vibrational modes, 
the total internal energy of the system 1s(1999S - 2 Marks) 
(a) 4RT (b) 15RT (c) ORT 
The ratio of the speed of sound in nitrogen gas to that in 
helium gas, at 300 K is (1999S - 2 Marks) 


a) (2/7 (b) J0/7) © W3)/5 @ (6)/5 


A monatomic ideal gas, initially at temperature 7, , is enclosed 

in a cylinder fitted with a frictionless piston. The gas is 

allowed to expand adiabatically to a temperature 7, by 

releasing the piston suddenly. If L, and L, are the length of 

the gas column before and after expansion respectively, then 
fi 


Ty is given by (2000S ) 


eo {4} of 02 @(2 
le) nh ™ | U7, 
A block of ice at —10°C is slowly heated and converted to 
steam at 100°C. Which of the following curves represents 


the phenomenon qualitatively ? (2000S) 


* 4 
T T 21. 
@ =a 0) Dy. 


Heat supplied —> Heat supplied —> 


sl | 
T 
(c) 


Heat supplied —> Heat supplied —> 


An ideal gas is initially at temperature 7 and volume /. Its 
volume is increased by AV due to an increase in temperature 


AT, pressure remaining constant. The quantity § = Pe 
varies with temperature as (2000S) 


(d) 11 RT is. 


20. 
2/3 L 2/3 


a) 
T p 
d) 2, 


(a) 


oC => 


wl, 


7 TAT 
Temperature K 


T T+AT 
Temperature K 


Y 
t ae : 
: | 
(c) o xX (d) 8 
T T+AT O n¢ 


T T+AT 
Temperature K 
Starting with the same initial conditions, an ideal gas expands 
from volume V, to V, in three different ways. The work done 
by the gas is W, if the process is purely isothermal, W, if 
purely isobaric and W, ifpurely adiabatic. Then (2000S) 

y 


(a) W,>W\>W, ; cohen 


Temperature K 


(b) W,>W,>W, 
(0) W>W,>W, 
(d) W,>W,>W, 


O Vy V> 

The plots of intensity versus wavelength for three black 
bodies at temperature 7,, T, and T, respectively are as 
shown. Their temperatures are such that (2000S ) 


i—> 


(a) T,>T,>T, (b) 7,>T,>T, 
(c) T,>T,;>T, (d) 7,>T,>T, 
Three rods made of same material and having the same 
cross-section have been joined as shown in the figure. Each 
rod is of the same length. The left and right ends are kept at 
0°C and 90°C respectively. The temperature of the junction 


of the three rods will be 99°C (2001S) 
(a) 45°C 

(b) 60°C 1 

(c) 30°C ; 

(d) 20°C °C 


In a given process on an ideal gas, dW=0 and dO<0. Then 
for the gas (2001S) 
(a) the temperature will decrease 

(b) the volume will increase 

(c) the pressure will remain constant 

(d) the temperature will increase 

P-V plots for two gases during adiabatic processes are 
shown in the figure. Plots 1 and 2 should correspond 
respectively to (2001S) 


(a) HeandO, 
(b) O, and He 
(c) Heand Ar 
(d) O,andN, 


P 


ae 


24. 


25. 


26. 


27. 


When a block of iron floats in mercury at 0°C, fraction k, of 
its volume is submerged, while at the temperature 60 °C, a 
fraction k, is seen to be submerged. If the coefficient of 
volume expansion of iron is yp, and that of mercury is Yue 


then the ratio k,/k, can be expressed as (2001S) 
1+60y,, 1—-607;, 
oe oa (b) 
1+60y,, 1+ 6071, 
) 1+ 60y,, (d) 1+ 60716 
foe paces ts 
1-607, 1+ 607, 


An ideal gas is taken through the cycle 4 > BoOC—> 4A, 
as shown in the figure. Ifthe net heat supplied to the gas in 
the cycle is 5J, the work done by the gas in the process 
C+A 1s (2002S ) 


(a) -SJ 

(b)—-10 J 
(c)-15 J 
(d) —20 J 


| P(Nim*) 10 
Which of the following graphs correctly represents the 


dV /dP 


variation of B = — with P for an ideal gas at constant 


temperature ? (2002S ) 


(a) (b) B 

P P 
(c) Va (d) 

P P 


An ideal Black-body at room temperature is thrown into a 

furnace. It is observed that (2002S ) 

(a) initially it is the darkest body and at later times the 
brightest 

(b) itis the darkest body at all times 

(c) it cannot be distinguished at all times 

(d) initiallyitis the darkest body and at later times it cannot 
be distinguished 

The graph, shown in the adjacent diagram, represents the 

variation of temperature (7) of two bodies, x and y having 

same surface area, with time (f) due to the emission of 

radiation. Find the correct relation between the emissivity 

and absorptivity power of the two bodies (2003S) 

(a) E> B, & a, <a, 

(b) BE, <6, &a,> a, 4 

(c) E> £, &a,> a, 

(d) E,<E, &a,<a, 


29. 


30. 


31. 


JZ. 
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28. 


Two rods, one of aluminum and the other made of steel, 
having initial length ¢, and ¢, are connected together to 
form a single rod of length ¢, + ¢,. The coefficients of linear 
expansion for aluminum and steel are a, and a, and 
respectively. If the length of each rod increases by the same 
amount when their temperature are raised by /°C, then find 
the ratiol,/(¢, + £,) (2003S) 
(a) aJ/a, (b) a/a, 

(c) a/(a,ta,) (d) a /a,ta,) 

The PT diagram for an ideal gas is shown in the figure, 
where AC is an adiabatic process, find the corresponding 
PV diagram. (2003S) 


(d) 


y V 

2 kg of ice at —20°C is mixed with 5kg of water at 20°C in an 
insulating vessel having a negligible heat capacity. Calculate 
the final mass of water remaining in the container. It 1s given 
that the specific heats of water & ice are 1kcal/kg/°C & 0.5 
kcal/kg/°C while the latent heat of fusion ofice is 80 kcal/kg 
(a) 7kg (b) 6kg (2003S) 
(c) 4kg (d) 2kg 

Three discs A, B and C having radii 2, 4, and 6 cm respectively 
are coated with carbon black. Wavelength for maximum 
intensity for the three discs are 300, 400 and 500 nm 
respectively. If Q ,, Q,and O..are power emitted by A, B and 
D respectively, then (2004S) 
(a) O,willbemaximum (b) Q,willbemaximum 

(c) Qc willbemaximum (d) O,=Q,=Qc¢ 

If liquefied oxygen at 1 atmospheric pressure is heated from 
50 k to 300 k by supplying heat at constant rate. The graph 
of temperature vs time will be (2004S) 


T 
(a) (b) 7 
ri l 
Ke 
t 


(c) (d) 7 
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34. 


35. 


36. 


37. 


38. 


39. 


40. 


Two identical rods are connected between two containers 
one of them is at 100°C and another is at 0°C. If rods are 
connected in parallel then the rate of melting of ice is g, gm/ 
sec. If they are connected in series then the rate is q,. The 
ratio q,/ q, 1s (2004S) 
(a) 2 (b) 4 (c) 1/2 (d) 1/4 
An ideal gas is initially at P,, V, is expanded to P,, V, and 
then compressed adiabatically to the same volume V, and 
pressure P,. If Wis the net work done by the gas in complete 
process which of the following is true (2004S) 
(a) W>0;P,>P, (b) W<0;P,;>P, 

(c) W>0;P,<P, (d) W<0;P,<P, 

Variation of radiant energy emitted by sun, filament of 
tungsten lamp and welding arc as a function of its 
wavelength is shown in figure. Which of the following option 
is the correct match ? (2005S) 


(a) Sun-7,, tungsten filament - 7° 1, welding arc - T, 

(b) Sun-7,, tungsten filament - 7 1, welding arc - 7, 

(c) Sun-7;,, tungsten filament - 7. 2, welding arc - T, 

(d) Sun-7,, tungsten filament - 7 2, welding arc - T, 

In which of the following process, convection does not 
take place primarily (2005S) 
(a) sea and land breeze 

(b) boiling of water 

(c) heating air around a furnace 

(d) warming of glass of bulb due to filament 

A spherical body of area A and emissivity e = 0.6 is kept 
inside a perfectly black body. Total heat radiated by the 


body at temperature T (2005S) 
(a) 0.4AT* (b) 0.8 .AT* 
(c) 0.6.AT* (d) 1.0AT* 


Calorie is defined as the amount of heat required to raise 
temperature of 1 g of water by 1°C and it is defined under 
which of the following conditions? (2005S) 
(a) From 14.5 °C to 15.5 °C at 760 mm of Hg 

(b) From 98.5 °C to 99.5 °C at 760 mm of Hg 

(c) From 13.5 °C to 14.5 °C at 76 mm of Hg 

(d) From 3.5 °C to 4.5°C at 76 mm of Hg 

Water of volume 2 litre in a container 1s heated with a coil of 
1 kW at 27 °C. The lid of the container 1s open and energy 
dissipates at rate of 160 J/s. In how much time temperature 
will rise from 27°C to 77°C [Given specific heat of water is 
4.2kJ/kg] (2005S) 
(a2) 7mm (b)6mm2s_ (c) 8min20s (d) 14min 
Water is filled up to a height / in a beaker of radius R as 
shown in the figure. The density of water is p, the surface 
tension of water is T and the atmospheric pressure is Po. 
Consider a vertical section ABCD of the water column 


41. 


42. 


43. 


44, 


45. 


46. 


P-63 


through a diameter of the beaker. The force on water on one 
side of this section by water on the other side of this section 
has magnitude (2007) 


(a) |2P,Rh + 2R*pgh—2RT| 


(b) |2P,Rh +R pgh* —2RT| 
(c) | PynR? + Rpgh? —2RT| 
(d) | PonR? + Rpgh? + 2RT| 


Te: 
An ideal gas is expanding such that PT? = constant. The 


coefficient of volume expansion of the gas is — (2008) 
(a) 1/T (b) 2/T (c) 3/T (d) 4/T 
A real gas behaves like an ideal gas if its (2010) 


(a) pressure and temperature are both high 

(b) pressure and temperature are both low 

(c) pressure is high and temperature 1s low 

(d) pressure is low and temperature is high 

5.6 liter of helium gas at STP is adiabatically compressed to 
0.7 liter. Taking the initial temperature to be T,, the work 


done in the process is (2011) 
9 3 15 9 
pal ba — RT, —kRT, 

@ {Rh b) SRR © |RI @ ZRH 


A mixture of 2 moles of helium gas (atomic mass = 4 amu) 
and 1 mole of argon gas (atomic mass = 40 amu) 1s kept at 
300 K in a container. The ratio of the rms speeds 


(Pa aaa ig (2012) 
Urms (argon) 
(a) 032 (b) 0.45 (c) 2.24 (d) 3.16 


Two moles of ideal helium gas are in a rubber balloon at 
30°C. The balloon is fully expandable and can be assumed 
to require no energy in its expansion. The temperature of 
the gas in the balloon 1s slowly changed to 35°C. The amount 
of heat required in raising the temperature 1s nearly (take R 
= 8.31 J/mol.K) (2012) 
(a) 62J (b) 104J (c) 124J (d) 208J 

Two rectangular blocks, having identical dimensions, can 
be arranged either in configuration-I or in configuration-II 
as shown in the figure. One of the blocks has thermal 
conductivity & and the other 2k. The temperature difference 
between the ends along the x-axis 1s the same in both the 
configurations. It takes 9 s to transport a certain amount of 
heat from the hot end to the cold end in the configuration-I. 
The time to transport the same amount of heat in the 
configuration-II is (JEE Ady. 2013) 


Configuration-II 


Configuration-I 


(a) 2.0s (b) 4.5s (c) 3.0s (d) 6.0s 
Two non-reactive monoatomic ideal gases have their atomic 
masses in the ratio 2 :3. The ratio of their partial pressures, 
when enclosed in a vessel kept at a constant temperature, 1s 
4:3. The ratio of their densities is (JEE Ady. 2013) 
(a) 1:4 (b) 1:2 (c) 6:9 (d) 8:9 


eo — )Ssopic-wise Solved Papers - PHYSICS 


48. 


49. 


50. 


S1. 


Parallel rays of light of intensity /= 912 Wm are incident 
on a spherical black body kept in surroundings of temperature 
300 K. Take Stefan-Boltzmann constant o = 5.7 x 10°8 
Wm-*K~* and assume that the energy exchange with the 
surroundings is only through radiation. The final steady 
state temperature of the black body 1s close to 

(JEE Ady. 2014) 


(a) 330K _  (b) 660K (c) 990K (d) 1550K 

A water cooler of storage capacity 120 litres can cool water 
at a constant rate of P watts. In a closed circulation system 
(as shown schematically in the figure), the water from the 
cooler is used to cool an external device that generates 
constantly 3 kW of heat (thermal load). The temperature of 
water fed into the device cannot exceed 30°C and the entire 
stored 120 litres of water is initially cooled to 10°C. The 
entire system 1s thermally insulated. The minimum value of 
P (in watts) for which the device can be operated for 3 hours 
Ts (JEE Ady. 2016) 


Cooler Device 
aoe H 


—eexmeeewrwewrnwr Xt ewe eaenanana 


w-=wswese eeewewreweer nee wo wm ew @& = = Bes 


—aT 
Cold 


(Specific heat of water is 4.2 kJ kg~!K—! and the density of 
water is 1000 kg m’>) 

(a) 1600 (b) 2067 (c) 2533 (d) 3933 

A gas is enclosed in a cylinder with a movable frictionless 
piston. Its initial thermodynamic state at pressure P.= 10° 
Pa and volume V, = 10° m’ changes toa final state at P= (1/ 
32) x 10° Pa and V,= 8 x 10° m’ in an adiabatic quasi-static 
process, such that P’V° = constant. Consider another 
thermodynamic process that brings the system from the same 
initial state to the same final state in two steps: an isobaric 
expansion at P. followed by an isochoric (isovolumetric) 
process at volume V,. The amount of heat supplied to the 
system in the two-step process 1s approximately 

(JEE Adv. 2016) 

(a) 1123 (b) 294J (c) 588 J (d) 813J 
The ends Q and R of two thin wires, PQ and RS, are soldered 
(joined) together. Initially each of the wires has a length of 1 
m at 10°C. Now the end P is maintained at 10°C, while the 
end S is heated and maintained at 400 °C. The system is 
thermally insulated from its surroundings. If the thermal 
conductivity of wire PQ is twice that of the wire RS and the 
coefficient of linear thermal expansion of PQ is 1.2 x 10° 
K"', the change in length ofthe wire PQ is (JEE Adv. 2016) 
(a) 078mm (b) 090mm = (c) 156mm _—=ss (d) « 234mm 


“enw ewe =m 
~-—=<—_=—-= 
-——~——_*s ee = 
~—<—-—-_-<- == 


1p MCQs with One or More than One Correct 


1. 


At room temperature, the rms speed of the molecules of a 
certain diatomic gas 1s found to be 1930 m/s. The gas is 
(1984- 2 Marks) 
@) H,  )F, (c) O, (d) Ch, 
70 calories of heat required to raise the temperature of 
2 moles of an ideal gas at constant pressure from 30°C to 
35°C. The amount of heat required (in calories) to raise the 


temperature of the same gas through the same range (30°C 
to 35°C) at constant volume is : (1985 - 2 Marks) 
(a) 30 (b) SO (c) 70 (d) 90 
Steam at 100°C is passed into 1.1 kg of water contained in a 
calorimeter of water equivalent 0.02 kg at 15°C till the 
temperature of the calorimeter and its contents rises to 80°C. 
The mass of the steam condensed in kilogram is 

(1986 - 2 Marks) 
(a) 0.130 (b) 0.065 (c) 0.260 (d) 0.135 
A cylinder of radius R made of a material of thermal 
conductivity K, is surrounded by a cylindrical shell of inner 
radius R and outer radius 2R made of a material of thermal 
conductivity K,. The two ends of the combined system are 
maintained at two different temperatures. There is no loss 
of heat across the cylindrical surface and the system is in 
steady state. The effective thermal conductivity of the 


system 1S (1988 - 2 Marks) 
(a) K,+K, (b) K,K,/(K,+4,) 

(c) (K,+3K,)/4 (d) (3K,+3K,)/4 

For an ideal gas : (1989 - 2 Marks) 


(a) the change in internal energy in a constant pressure 
process from temperature 7, to T, is equal to nC, 
(T, — T,), where C,, is the molar specific heat at constant 
volume and n the number of moles of the gas. 

(b) the change in internal energy of the gas and the work 
done by the gas are equal in magnitude in an adiabatic 
process. 

(c) the internal energy does not change in an isothermal 
process. 

(d) no heat is added or removed in an adiabatic process. 

When an ideal diatomic gas is heated at constant pressure, 

the fraction of the heat energy supplied which increases the 


internal energy of the gas is (1990 - 2 Marks) 
2 4 3 3 8 
@ > © = © > @ = 


Three closed vessels A, B and C are at the same temperature 
T and contain gases which obey the Maxwellian distribution 
of velocities. Vessel A contain only O,, B only N, and Ca 
mixture of equal quantities of O, and N.. If the average 
speed of the O, molecules in vessel A is v, that of the N, 
molecules in vessel B is v,, the average speed of the O, 


molecules in vessel C is (1992 - 2 Marks) 
I 
vy,+Vv = 3kT 
(a) sa (b) vy (c) (y.v2)? @d) ava 


where M is the mass of an oxygen molecule. 

An ideal gas is taken from the state A (pressure P, volume V) 

to the state B (pressure P/2, volume 2V) along a straight line 

path in the P-V diagram. Select the correct statement (s) 

from the following: (1993-2 Marks) 

(a) The work done by the gas in the process A to B exceeds 
the work that would be done by it if the system were 
taken from A to B along the isotherm. 

(b) Inthe 7-V diagram, the path AB becomes a part of a 
parabola 

(c) Inthe P-7 diagram, the path AB becomes a part of a 
hyperbola 

(d) In going from A to B, the temperature 7 ofthe gas first 
increases to a maximum value and then decreases. 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


Two bodies A and B ahave thermal emissivities of 0.01 and 
0.81 respectively. The outer surface areas of the two bodies 
are the same. The two bodies emit total radiant power of the 
same rate. The wavelength 1, corresponding to maximum 
spectral radiancy in the radiation from B shifted from the 
wavelenth corresponding to maximum spectral radiancy in 
the radiation from A, by 1.00 um. Ifthe temperature of A 1s 


5802 K: (1994 - 2 Marks) 
(a) the temperature of B is 1934K 
(b) Ap=lSum 


(c) the temperature of B is 11604K 

(d) the temperature of B is 2901 K 

The temperature of an ideal gas is increased from 120 K to 

480 K. Ifat 120 K the root-mean-square velocity of the gas 

molecules is v, at 480 K it becomes (1996 - 2 Marks) 

(a) 4v (b) 2v (c) v/2 (d) v/4 

A given quantity of a ideal gas is at pressure P and absolute 

temperature 7. The isothermal bulk modulus of the gas is 
(1998S - 2 Marks) 


2 3 
(a) ral (b) P (c) 5 P  (d) 2P 


Two cylinders A and B fitted with pistons contain equal 
amounts of an ideal diatomic gas at 300 K. The piston of A is 
free to move, while that B is held fixed. The same amount of 
heat is given to the gas in each cylinder. If the rise in 
temperature of the gas in A is 30 K, then the rise in 
temperature of the gas in B is (1998S - 2 Marks) 
(a) 30K ~~ (b) 18K (c) SOK (d) 42K 
During the melting ofa slab of ice at 273 K at atmospheric 
pressure, (1998S - 2 Marks) 
(a) positive work is done by the ice-water system on the 
atmosphere. 
(b) positive work is done on the ice- water system by the 
atmosphere. 
(c) the internal energy of the ice-water system increases. 
(d) the internal energy of the ice-water system decreases. 
A blackbody is at a temperature of 2880 K. The energy of 
radiation emitted by this object with wavelength between 
499 nm and 500 nm is U, , between 999 nm and 1000 nm is U, 
and between 1499 nm and 1500nm is U,. The Wien constant 
b =2.88x10°nm K. Then a 998S - 2 Marks) 
(a) U,=0 (b) U,=0 (c) U.>U, (dd) U,>U, 
A bimetallic strip is —— out of two identical strips one of 
copper and the other of brass. The coefficients of linear 
expansion of the two metals are a anda. On heating, the 
temperature of the strip goes up by AT and the strip bends 
to form an arc of radius of curvature R. Then R is. 
(a) proportional to AT (1999S - 3 Marks) 
(b) inversely proportional to AT 
(c) proportional to |a Lp — OL cl 
(d) inversely proportional fo | la,—O 
Two identical containers A and B wath frictionless pistons 
contain the same ideal gas at the same temperature and the 
same volume V. The mass of the gas in Ais m,, and that in B 
is m,. The gas in each cylinder is now allowed to expand 
isothermally to the same final volume 2V. The changes in 
the pressure in A and B are found to be AP and 1.5 AP 
respectively. Then (1998S - 2 Marks) 
(a) 4m,=9m, (b) 2m,=3m, 
(c) 3m,=2m, (d) om, =4m, 


18. 


19. 


20. 


21. 


P-65 


Let V,Vims and v,, respectively denote the mean speed. root 


mean square speed, and most probable speed of the 
molecules in an ideal monatomic gas at absolute temperature 
T. The mass of a molecule ism. Then (1998S - 2 Marks) 


(a) nomolecule can have a speed greater than 2 V ims 


(b) no molecule can have a speed less than v, KD 


(C) Vp <V< Vins 


— ._ 3 
(d) the average kinetic energy of a molecule is = mvp , 


A vessel contains a mixture of one mole of oxygen and two 
moles of nitrogen at 300 K. The ratio of the average rotational 
kinetic energy per O, molecule to that per N, molecule is 


(a) 1:1 (1998S - 2 Marks) 
(b) 1:2 
(c) 2:1 


(d) depends on the moments of inertia of the two molecules 
A black body of temperature 7 is inside chamber of 7, 
temperature initially. Sun rays are allowed to fall from a hole 
in the top of chamber. If the temperature of black body (7) 
and chamber (7,) remains constant, then (2006 - 5M, —I) 


OQ 


(a) Black body will absorb more radiation 

(b) Black body will absorb less radiation 

(c) Black body emit more energy 

(d) Black body emit energy equal to energy absorbed by it 

C,,and C,, denote the molar specific heat capacities ofa gas 

at constant volume and constant pressure, respectively. 

Then (2009) 

(a) C,-—C, 1s larger for a diatomic ideal gas than for a 
monoatomic ideal gas 

(b) C, + C, is larger for a diatomic ideal gas than for a 
monatomic ideal gas 

(c) C,/C, 1s larger for a diatomic ideal gas than for a 
monoatomic ideal gas 

(d) C, - C,, is larger for a diatomic ideal gas than for a 
monoatomic ideal gas 

The figure shows the P-V plot ofan ideal gas taken through 

a cycle ABCDA. The part ABC is a semi-circle and CDA is 

half of an ellipse. Then, (2009) 


(a) the process during the path A — B is isothermal 

(b) heat flows out of the gas during the path B—> C+D 
(c) work done during the path A > B > Cis zero 

(d) positive work is done by the gas in the cycle ABCDA 


P-66 
yay =p 


20: 


24. 


One mole of an ideal gas in initial state A undergoes a cyclic 
process ABCA, as shown in the figure. Its pressure at A is 
P,. Choose the correct option(s) from the following (2010) 


(a) Internal energies at A and B are the same 
(b) Work done by the gas in process AB is P)V, In 4 


_ £ 
(c) Pressure at C is 77 


T, 
(d) Temperature at C is "s 


A composite block is made of slabs A, B, C, D and E of 
different thermal conductivities (given in terms of a constant 
K_ and sizes (given in terms of length, L) as shown in the 
figure. All slabs are of same width. Heat “Q’ flows only from 
left to right through the blocks. Then in steady state 

(2011) 


0 iL 5L 6L 


(a) heat flow through A and E slabs are same. 

(b) heat flow through slab E is maximum. 

(c) temperature difference across slab E is smallest. 

(d) heat flow through C = heat flow through B + heat flow 

through D. 

The figure below shows the variation of specific heat 

capacity (C) ofa solid as a function of temperature (T). The 

temperature is increased continuously from 0 to 500 K ata 

constant rate. Ignoring any volume change, the following 

statement(s) is (are) correct to a reasonable approximation. 
(JEE Adv. 2013) 


100 200 300 400 500 


(a) Therate at which heat is absorbed in the range 0 -100 K 
varies linearly with temperature T. 

(b) Heat absorbed in increasing the temperature from 
0-100 K is less than the heat required for increasing the 
temperature from 400-500 K. 

(c) There is nochange in the rate of heat absorption in the 
range 400-500 K. 

(d) The rate of heat absorption increases in the range 
200-300 K. 


25. 


26. 


E Subjective Problems 


Topic-wise Solved Papers - PHYSICS 


A container of fixed volume has a mixture of one mole of 
hydrogen and one mole of helium in equilibrium at 
temperature 7. Assuming the gases are ideal, the correct 
statement(s) is (are) (JEE Adv. 2015) 
(a) The average energy per mole of the gas mixture is 2RT 
(b) Theratio of speed of sound in the gas mixture to that in 


helium gas is ./6/5 


(c) The ratio of the rms speed of helium atoms to that of 


hydrogen molecules is 1/2 
(d) The ratio of the rms speed of heltum atoms to that of 


| 
hydrogen molecules is va 


An ideal monoatomic gas is confined in a horizontal cylinder 
by a spring loaded piston (as shown in the figure). Initially 
the gas is at temperature 7,, pressure P, and volume V, and 
the spring 1s in its relaxed state. The gas is then heated very 
slowly to temperature T,, pressure P, and volume V,. During 
this process the piston moves out by a distance x. Ignoring 
the friction between the piston and the cylinder, the correct 
statement(s) is (are) (JEE Ady. 2015) 


(a) IfV,=2V, and T, =3T,, then the energy stored in the 
| 
spring is mn P\V, 
(b) IfV,=2V, and T, = 37), then the change in internal 


energy is 3P,)V, 
(c) IfV,=3V, and T,=47,, then the work done by the gas 


7 
1S 3 PV, 
(d) IfV,=3V, and T, =47,, then the heat supplied to the 


_ 17 
gas 1S 6 PY; 


A sinker of weight wy has an apparent weight w, when 
weighed in a liquid at a temperature ¢, and w, when weight 
in the same liquid at temperature ¢,. The coefficient of cubical 
expansion of the material of sinker is B. What is the 
coefficient of volume expansion of the liquid. (1978) 
Three rods of material X and three rods of material Y are 
connected as shown in the figure. All the rods are of identical 
length and cross-sectional area. Ifthe end A is maintained at 
60°C and the junction £ at 10°C. Calculate the temperature 
of the junctions B, C and D. The thermal conductivity of X 
is 0.92 cal/sec-cm-°C and that of Yis 0.46 cal/sec-cm-°C. (1978) 
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10. 


Given samples of 1 c.c. of hydrogen and Ic.c. of oxygen, 
both at N.T.P. which sample has a larger number of molecules? 

(1979) 
A Solid material is supplied with heat at a constant rate. 
The temperature of the material 1s changing with the heat 
input as shown in the graph in figure. Study the graph 
carefully and answer the following questions : (1980) 


=> 


E 


TEMPERATURE 
> 
ee 


O HEAT INPUT —> 


(i) What do the horizontal regions AB and CD represent? 

(i) IfCD is equal to 2AB, what do you infer? 

(1) What does the slope of DE represent? 

(1v) The slope of OA > the slope of BC. What does this 

indicate? 

A jar contains a gas and a few drops of water at T°K. The 

pressure in the jar is 830 mm of Hg. The temperature of the 

jar 1s reduced by 1%. The saturated vapour pressures of 

water at the two temperatures are 30 and 25 mm of Hg.(1980) 

Calculate the new pressure in the jar. 

A cyclic process ABCA shown in the V-T diagram (fig) is 

performed with a constant mass of an ideal gas. Show the 

same process on a P-V diagram (1981- 4 Marks) 
™% C 

% 


B 


Vy 


T a 
(In the figure, CA is parallel to the V-axis and BC 1s parallel to 
the 7-axis) 
A lead bullet just melts when stopped by an obstacle. 
Assuming that 25 per cent of the heat is absorbed by the 
obstacle, find the velocity of the bullet if its initial temperature 
is 27°C. 
(Melting point of lead = 327°C, specific heat of lead = 0.03 
calories /gm/°C, latent heat of fusion of lead = 6 calories / 
gm, J = 4.2 joules /calorie). (1981- 3 Marks) 
Calculate the work done when one mole of a perfect gas is 
compressed adiabatically. The initial pressure and volume 
of the gas are 105 N/m? and 6 litres respectively. The final 
volume of the gas is 2litre. Molar specific heat of the gas at 
constant volume 1s 3R/2. (1982 - 8 Marks) 
A solid sphere of copper ofradius R and a hollow sphere of 
the same material of inner radius r and outer radius A are 
heated to the same temperature and allowed to cool in the 
same environment. Which of them starts cooling faster ? 
(1982 - 2 Marks) 
One gram mole of oxygen at 27° and one atmospheric 
pressure is enclosed in a vessel. (1983-8 Marks) 
(i) Assuming the molecules to be moving with Vrms, Find 
the number of collisions per second which the molecules 
make with one square metre area of the vessel wall. 


11. 


1p 


13. 


14. 


1S: 


P-67 


(i) The vessel is next thermally insulated and moved with 
a constant speed Vo. It is then suddenly stopped. The 
process results in a rise of the temperature of the gas 
by 1°C. Calculate the speed Vo. 

The rectangular box shown in Fig_has a partition which can 

slide without friction along the length of the box. Initially 

each of the two chambers of the box has one mole of a 

mono-atomic ideal gas (y = 5/3) ata pressure P,, volume V, 

and temperature 7. The chamber on the left is slowly heated 

by an electric heater. The walls of the box and the partition 
are thermally insulated. Heat loss through the lead wires of 
the heater is negligible. The gas in the left chamber expands 
pushing the partition until the final pressure in both 
chambers becomes 243 P,/32. Determine (i) the final 
temperature of the gas in each chamber and (11) the work 
done by the gas in the right chamber. (1984- 8 Marks) 


Two glass bulbs of equal volume are connected by a narrow 
tube and are filled with a gas at 0°C and a pressure of 76 cm 
of mercury. One of the bulbs is then placed in melting ice 
and the other is placed in a water bath maintained at 62°C. 
What is the new value of the pressure inside the bulbs? The 
volume of the connecting tube 1s negligible. 

(1985 - 6 Marks) 
A thin tube of uniform cross-section 1s sealed at both ends. 
It lies horizontally, the middle 5 cm containing mercury and 
the two equal end containing air at the same pressure P. 
When the tube is held at an angle of 60° with the vertical 
direction, the length of the air column above and below the 
mercury column are 46cm and 44.5 cm respectively. Calculate 
the pressure P in centimeters of mercury. (The temperature 
of the system is kept at 30°C). (1986 - 6 Marks) 
An ideal gas has a specific heat at constant pressure 


5R 
Cp 
m?, at a temperature of 300 K and a pressure of 1.6 x 10° N/ 
m2. An amount of 2.49 x 104 Joules ofheat energy is supplied 
to the gas. Calculate the final temperature and pressure of 
the gas. (1987 - 7 Marks) 
Two moles of helium gas (y = 5/3) are initially at temperature 
27°C and occupy a volume of 20 litres. The gas is first 
expanded at constant pressure until the volume is doubled. 
Then it undergoes an adiabatic change until the temperature 
returns to its initial value. (1988 - 6 Marks) 
(i) Sketch the process on a p-V diagram. 
(i) What are the final volume and pressure of the gas ? 
(11) What is the work done by the gas ? 
An ideal monatomic gas is confined in a cylinder by a spring- 
loaded piston of cross-section 8.0 x 10-3 m2. Initially the 
gas is at 300 K and occupies a volume of 2.4 x 10-3 m? and 
the spring is in its relaxed (unstretched, uncompressed) 
state, fig. The gas is heated by a small electric heater until 
the piston moves out slowly by 0.1 m. Calculate the final 
temperature of the gas and the heat supplied (in joules) by 
the heater. The force constant of the spring is 8000 N/m, 
atmospheric pressure is 1.0 x 10° Nm~’. The cylinder and 
the piston are thermally insulated. The piston is massless 


. The gas is kept in a closed vessel of volume 0.0083 


17. 


18. 


19. 


20. 


and there is no friction between the piston and the cylinder. 
Neglect heat loss through lead wires of the heater. The heat 
capacity of the heater coil is negligible. Assume the spring 
to be massless. (1989 - 8 Mark) 


Open atmosphere 


<— Rigid 


An ideal gas having initial pressure P, volume V and 
temperature 7’ is allowed to expand adiabatically until its 


volume becomes 5.66 V while its temperature falls to ; : 


(1990 - 7 Mark) 
(i) How many degrees of freedom do the gas molecules 
have? 
(i) Obtain the work done by the gas during the expansion 
as a function of the initial pressure P and volume V. 


Three moles of an ideal gas (c, _ iu R) at pressure, P, 
ps 


and temperature 7, is isothermally expanded to twice its 


initial volume. It is then compressed at constant pressure to 
its original volume. Finally gas is compressed at constant 
volume to its original pressure P,. (1991-4+4 Marks) 
(a) Sketch P- Vand P- 7 diagrams for the complete process. 
(b) Calculate the net work done by the gas, and net heat 
supplied to the gas during the complete process. 
Two moles of helium gas undergo a cyclic process as shown 
in Fig. Assuming the gas to be ideal, calculate the following 
quantities in this process (1992-8 Marks) 


300 K 400 kK 
(a) The net change in the heat energy 
(b) The net work done 

(c) Thenet change in internal energy 

One mole of a mono atomic ideal gas is taken through the 


cycle shown in Fig: (1993 - 4+4+2 Marks) 
P 


A — B: adiabatic expansion A 
B->C: cooling at constant volume 2 
C —+ D: adiabatic compression 

D C 


D— A: heating at constant volume: 


V 
The pressure and temperature at A, B, etc. are denoted by 
P4,1 4, Pp,Tp etc., respectively. Given that 7, = 1000 K, 


Pa= (2/3)P, and Po =(1/3)P4, calculate the following 
quantities : 
(i) The work done by the gas in the process A >B 


(i) The heat lost by the gas in the process B>C. 
(iii) The temperature 7). [Given : (2/3)? =0.85] 


22: 


23. 


24. 


25. 


26. 
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An ideal gas is taken through a cyclic thermodynamic 

process through four steps. The amounts of heat involved 

in these steps are O, = 5960 J, Q, =-5585 J, Q, =—2980J and 

QO, = 3645J, respectively. The correspending quantities of 

work involved are W, = 2200 J, W, =— 825 J,W,=— 1100J 

and W, respectively. (1994 - 6 Marks) 

1. Find the value of W,. 

2. What is the efficiency of the cycle 

A closed container of volume 0.02 m? contains a mixture of 

neon and argon gases, at a temperature of 27°C and pressure 

of 1 x 10° Nm-?. The total mass of the mixture is 28 g. If the 
molar masses of neon and argon are 20 and 40 g mol"! 
respectively, find the masses of the individual gases in the 
container assuming them to be ideal (Universal gas constant 

R=8.314 J/mol—). (1994 - 6 Marks) 

A gaseous mixture enclosed in a vessel of volume V consists 

of one mole of a gas A with y (=C, /C,)=5/3 and another 

gas B with y= 7/5 ata certain temperature T. The relative 
molar masses of the gases A and B are 4 and 32, respectively. 

The gases A and B do not react with each other and are 

assumed to be ideal. The gaseous mixture follows the 

equation PV!?/!3 = constant, in adiabatic processes. 
(1995 - 10 Marks) 

(a) Find the number of moles of the gas B in the gaseous 
mixture. 

(b) Compute the speed of sound in the gaseous mixture at 
T=300K. 

(c) If is raised by 1K from 300 K, find the % change in 
the speed of sound in the gaseous mixture. 

(d) The mixture is compressed adiabatically to 1/5 of its 
initial volume V. Find the change in its adiabatic 
compressibility in terms of the given quantities. 

At 27°C two moles of an ideal monoatomic gas occupy a 

volume V. The gas expands adiabaticallly to a volume 2V. 

Calculate (1) the final temperature of the gas, (11) change in 

its internal energy, and (111) the work done by the gas during 

this process. (1996 - 5 Marks) 

The temperature of 100g of water is to be raised from 24°C to 

90°C by adding steam to it. Calculate the mass of the steam 

required for this purpose. (1996 - 2 Marks) 

One mole ofa diatomic ideal gas (y = 1.4) is taken through a 

cyclic process starting from point A. The process A »B 


is an adiabatic compression, B —» C 1s isobaric expansion, 


C > D isan adiabatic expansion, and D —» A 1s 1sochoric. 
The volume ratios are V/V, = 16 and V/V, = 2 and the 
temperature at A is 7’, = 300 K.Calculate the temperature of 
the gas at the points B and D and find the efficiency of the 
cycle. (1997 - 5 Marks) 
The apparatus shown in the figure consists of four glass 
columns connected by horizontal sections. The height of 
two central columns B and C are 49 cm each. The two outer 
columns A and D are open to the atmosphere. A and C are 
maintained at a temperature of 95° C while the columns B 
and D are maintained at 5°C. The height of the liquid in 4 
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28. 


29. 


30. 


31. 


and D measured from the base the are 52.8 cm and 51cm 
respectively. Determine the coefficient of thermal expansion 
of the liquid. (1997 - 5 Marks) 


A 
9F"°G 


One mole of an ideal monatomic gas is taken round the 
cyclic process ABCA as shown in Figure. Calculate 
(1998 - 8 Marks) 


(a) the work done by the gas. 

(b) the heat rejected by the gas in the path CA and the 
heat absorbed by the gas in the path AB; 

(c) the net heat absorbed by the gas in the path BC; 

(d) the maximum temperature attained by the gas during 
the cycle. 

A solid body X of heat capacity C is kept in an atmosphere 

whose temperature is 7’, = 300K. At me ¢=0 the temperature 

of X is T, = 400 K. It cools according to Newton’s law of 

cooling. At time ¢,, its temperature is found to be 350 K. 

(1998 - 8 Marks) 

At this time (¢,), the body X is connected to a large box Yat 

atmospheric temperature 7',, through a conducting rod of 

length L, cross-sectional area A and thermal conductivity K. 

The heat capacity of Y is so large that any variation in its 

temperature may be neglected. The cross-sectional area A 

of the connecting rod is small compared to the surface area 

of X. Find the temperature of X at time t= 32,. 

Two moles of an ideal monatomic gas, initially at pressure 

p, and volume V,, undergo an adiabatic compression until 

its volume is V,. Then the gas is given heat Q at constant 

volume V,,. (1999 - 10 Marks) 

(a) Sketch the complete process on a p— V diagram. 

(b) Find the total work done by the gas, the total change in 
its internal energy and the final temperature of the gas. 
[Give your answer in terms of Pp V V,,Q and R] 

Two moles of an ideal monatomic gas 1s taken through a 

cycle ABCA as shown in the P-7 diagram. During the 

process AB, pressure and temperature of the gas vary such 
that PT=Constant. If 7, =300K, calculate (2000- 10 Marks) 
P 


D2: 


33. 


34. 


35. 


36. 


(a) the work done on the gas in the process AB and 
(b) the heat absorbed or released by the gas in each of the 
processes. 
Give answer in terms of the gas constant R. 
An ice cube of mass 0.1 kg at 0°C is placed in an isolated 
container which is at 227°C. The specific heat S of the 
container varies with temperature T according to the 
empirical relation S= A + BT, where A = 100 cal/kg-K and B= 
2 x 10° cal/kg-K?. If the final temperature of the container is 
27°C, determine the mass of the container. (Latent heat of 
fusion of water = 8 x 104 cal/kg, Specific heat of water = 102 
cal/kg-K). (2001-5 Marks) 
A monoatomic ideal gas of two moles is taken through a 
cyclic process starting from A as shown in figure. The volume 


V, V,, 

ratios are Vv. =2 and a = 4. Ifthe temperature 7’, at A is 
COO : (2001-10 Marks) 
Calculate, 


(a) the temperature of the gas at point B, 

(b) heat absorbed or released by the gas in each process, 
(c) the total work done by the gas during the complete cycle. 

Express your answer in terms of the gas constant R. 

A cubical box of side 1 meter contains helium gas (atomic 
weight 4) at a pressure of 100 N/m2. During an observation 
time of 1 second, an atom travelling with the root-mean- 
square speed parallel to one of the edges of the cube, was 
found to make 500 hits with a particular wall, without any 


- DS 
collision with other atoms. Take R = 3 J/mol-K and 


k= 1.38 x 1073 JK (2002 - 5 Marks) 
(a) Evaluate the temperature of the gas. 
(b) Evaluate the average kinetic energy per atom. 
(c) Evaluate the total mass of helium gas in the box. 
An insulated container containing monoatomic gas of molar 
mass m is moving with a velocity vo. If the container is 
suddenly stopped, find the change in temperature. 

(2003 - 2 Marks) 
Hot oil is circulated through an insulated container with a 
wooden lid at the top whose conductivity 
K=0.149 J/(m-°C-sec), thickness t= 5 mm, emissivity= 0.6. 
Temperature of the top of the lid is maintained at 7, = 127°C. 
Ifthe ambient temperature 7) = 27°C. (2003 - 4 Marks) 


T,=127° 
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37. 


38. 


39. 


DIRECTIONS (Q. No. 1-3) : Each question contains statements given in two columns, which have to 
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column- 
IT are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR 
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these 
questions have to be darkened as illustrated in the following example : 

If the correct matches are A-p, s and t; B-g andr; C-p and q; and D-s then the correct darkening of 


Calculate : 

(a) rate of heat loss per unit area due to radiation from the 
lid. 

(b) temperature of the oil. 


(Given o = a 10-8 wm-2K-4) 


A diatomic gas is enclosed in a vessel fitted with massless 
movable piston. Area of cross section of vessel is 1 m7. 
Initial height of the piston is 1 m (see the figure). The initial 
temperature of the gas is 300 K. The temperature of the gas 
is increased to 400 K, keeping pressure constant, calculate 
the new height of the piston. The piston is brought to its 
initial position with no heat exchange. Calculate the final 
temperature of the gas. You can leave answer in fraction. 
(2004 - 2 Marks) 


. 
lm 


fin 


A small spherical body ofradius r is falling under gravity in 
a viscous medium. Due to friction the medium gets heated. 
How does the rate of heating depends on radius of body 
when it attains terminal velocity? (2004 - 2 Marks) 
A cylindrical rod of length 1, thermal conductivity K and 
area of cross section A has one end in the furnace at 
temperature 7, and the other end in surrounding at 
temperature 7,. Surface of the rod exposed to the 


40. 


41. 


42. 


surrounding has emissivity e. Also T, =7T,+ AT and T, >> AT. 
If 7, — T, x AT, find the proportionality constant. 
(2004 - 4 Marks) 


Insulation 


Furnace 
A cubical block of co-efficient of linear expansion a, 1s 
submerged partially inside a liquid of co-efficient of volume 
expansion y,. On increasing the temperature of the system 
by AT, the height of the cube inside the liquid remains 
unchanged. Find the relation between a, and y,. 

(2004 - 4 Marks) 
A cylinder of mass 1 kg is given heat of 20,000J at 
atmospheric pressure. If initially the temperature of cylinder 
is 20°C, find (2005 - 6 Marks) 
(a) final temperature of the cylinder. 
(b) work done by the cylinder. 
(c) change in internal energy of the cylinder 
(Given that specific heat of cylinder = 400 J kg“! °c"!, 
coefficient of volume expansion = 9 x 10-° °C-!, Atmospheric 
pressure = 10° N/m? and Density of cylinder = 9000 kg/m?) 
0.05 kg steam at 373 K and 0.45 kg of ice at 253K are mixed in 
an insulated vessel. Find the equilibrium temperature of the 


mixture. Given, L,. .;,,= 80 cal/g = 336 J/g, Lyi ation = 240 
cal/g = 2268 J/g, S...=2100 J/Kg K=0.5 cal/gK andS = 
4200 J/Kg K = 1 cal/gk (2006 - 6M) 


Match the Following 


bubbles will look like the given. 


1. 


Heat given to process is positive, match the following option of Column I with the corresponding option of column II : 


Column I Column II 
(A) JK (p) AW>0 
(B) KL (q) AQ<0 
(C) LM (r) AW<0O 
(D) MJ (s) AQ>0 


P(atm) 


(2006 - 6M) 


Column I contains a list of processes involving expansion ofan ideal gas. Match this with Coiumn II describing the thermodynamic 
change during this process. Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. 


Column I 
(A) An insulated container has two chambers 


Column II (2008) 


(p) The temperature of the gas decreases 


separated by a valve. Chamber I contains an ideal gas and the 


Chamber II has vacuum. The valve is opened. 


I 


vacuum 
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(B) An ideal monoatomic gas expands to twice its remains original volume (q) The temperature of the gas increases or 


such that its pressure P « 1/V? where V is the volume of the gas constant 
(C) An ideal monoatomic gas expands to twice its original volume (r) The gas loses heat 
such that its pressure P « 1/V*? where V is its volume 
(D) An ideal monoatomic gas expands such that its pressure P and (s) The gas gains heat 
volume V follows the behaviour shown in the graph 
P 


; V 
V, 2V, 
3. Onemole ofa monatomic gas is taken through a cycle ABCDA as shown in the P-V diagram. Column II give the characteristics 
involved in the cycle. Match them with each of the processes given in Column I. (2011) 
Column I Column II 
(A) ProcessA—>B (p) Internal energy decreases 
(B) Process B >C (q) Internal energy increases 
(C) Process C > D (r) Heat is lost 
(D) ProcessD—>A (s) Heat is gained 


(t) Work is done on the gas 


DIRECTIONS Q. No. 4 : Following question has matching lists. The codes for the list have choices (a), (b), (c) and (d) out of which 
ONLY ONE 1s correct. 


4. One mole of amonatomic ideal gas 1s taken along two cyclic processes E— F > GE and E> F >H- Eas shown in the PV 
diagram. The processes involved are purely isochoric, isobaric, isothermal or adiabatic. (JEE Ady. 2013) 


V 


Match the paths in List I with the magnitudes of the work done in List II and select the correct answer using the codes given 
below the lists. 


List I List I 

P GoE l. 160 Py Vo In2 
Q. GoH 2, 36P Vo 
R F>OH 3. 24P)Vo 
S. FOG 4, 31 PoVo 
Codes: 

P Q R S 
(a) 4 3 2 l 
(b) 4 3 l 2 
(c) 3 | 2 4 
(d) l 3 2 4 


G 


Comprehension Based Questions 


PASSAGE - 1 
A fixed thermally conducting cylinder has a radius R and height 
L,. The cylinder is open at its bottom and has a small hole at its 
top. A piston of mass M is held at a distance L from the top 
surface, as shown in the figure. The atmospheric pressure is Pp. 


k— 2? R ———> 


F 
[ 
¥ 


Piston 


1. The piston is now pulled out slowly and held at a distance 
2L from the top. The pressure in the cylinder between its 


top and the piston will then be (2007) 
P, 
(a) Py b) > 
Po Mg Po Mg 
c) —+—= a 
(Cc) es @ > ae 


Therefore the pressure inside the cylinder is P, throughout 
the slow pulling process. 

2. While the piston 1s at a distance 2L from the top, the hole at 
the top is sealed. The piston is then released, to a position 
where it can stay in equilibrium. In this condition, the 


distance of the piston from the top is (2007) 
2PynR? PytR* —M 
@ |e) ® | Ie) 
T™R Po + Mg Po 
PytR? +M . 
(c) = (QL) (d) a (2L) 
TR Po TR Po —Mg 


3. Thepiston is taken completely out of the cylinder. The hole 
at the top is sealed. A water tank is brought below the cylinder 
and put in a position so that the water surface in the tank is 
at the same level as the top of the cylinder as shown in the 
figure. The density of the water is p. In equilibrium, the 
height H of the water column in the cylinder satisfies 

(2007) 


(a) pg(L,-H)?+P,(L,-H)+L,P,=0 
(b) pg(L,—H)? -P,(L,—-H)-L,P,=0 
(c) pg(L)—H)*+P,(L)—H)-L,P,=0 
(d) pg(L,)-H)*-P,(L,-H)+L,P,=0 


eo Ss opic-wise Solved Papers - PHYSICS 


PASSAGE -— 2 


A small spherical monoatomic ideal gas bubble (y = 5/3) 1s trapped 
inside a liquid of density p (see figure). Assume that the bubble 
does not exchange any heat with the liquid. The bubble contains 
n moles of gas. The temperature of the gas when the bubble 1s at 
the bottom is To, the height of the liquid is H and the atmospheric 
pressure is Py (Neglect surface tension). (2008) 


4.  Asthe bubble moves upwards, besides the buoyancy force 

the following forces are acting on it 

(a) Only the force of gravity 

(b) The force due to gravity and the force due to the 
pressure of the liquid 

(c) The force due to gravity, the force due to the pressure 
of the liquid and the force due to viscosity of the liquid 

(d) The force due to gravity and the force due to viscosity 


of the liquid 
5. | When the gas bubble is at a height y from the bottom, its 
temperature 1s — 
2/5 
@) Ty ( P, + p/gH ) 
( Po + Pegy 
2/5 
ay. 2 (Py + prg (H—-y) | 
Py + P-gH 
3/5 
©) Ty ( P, + p,/gH ) 
‘ Po + Pe8y 


(Py) +pyg(H-y)) 


( Py +p, gH 


6. The buoyancy force acting on the gas bubble is (Assume R 
is the universal gas constant) 


(d) Ty 


2/5 
(a) ppnRgT) Co . a 
(Po + pegy) 
(b) ppnRg lp 
(Py + ppgH)”’°[Py + ppg (H-y)P” 
3/5 
(Po + Pegy) 
(d) ppnRg Ip 


(Py + ppgH)”’[Py +prg (H-y)"’”” 
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PASSAGE - 3 


In the figure, a container 1s shown to have a movable (without 
friction) piston on top. The container and the piston are all made 
of perfectly insulated material allowing no heat transfer between 
outside and inside the container. The container is divided into 
two compartments by a rigid partition made of a thermally 
conducting material that allows slow transfer of heat. The lower 
compartment of the container 1s filled with 2 moles of an ideal 
monatomic gas at 700 K and the upper compartment is filled with 
2 moles of an ideal diatomic gas at 400 K. The heat capacities per 


mole of an ideal monatomic gas are Cj, = = R,Cp= = R, and 


those for an ideal diatomic gas are Cy = = R,Cp= =R 


7. Consider the partition to be rigidly fixed so that it does not 


move. When equilibrium is achieved, the final temperature 
of the gases will be (JEE Ady. 2014) 
(a) SSOK (b) 525K 
(c) 513K (d) 490K 


8. Nowconsider the partition to be free to move without friction 
so that the pressure of gases in both compartments is the 
same. The total work done by the gases till the time they 


achieve equilibrium will be (JEE Ady. 2014) 
(a) 250R (b) 200R 
(c) 100R (d) -—100R 


H Assertion & Reason Type Questions 


1. Statement-1 : The total translational kinetic energy ofall 
the molecules of a given mass of an ideal gas is 1.5 times 
the product of its pressure and its volume. (2007) 
because 
Statement-2 : The molecules ofa gas collide with each other 
and the velocities of the molecules change due to the collision. 
(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement-1 is True, Statement-2 is False 

(d) Statement-2 is False, Statement-2 is True 


I Integer Value Correct Type 


1. Ametal rod AB of length 10x has its one end A in ice at 0.°C, 
and the other end B in water at 100 °C. Ifa point P onthe rod 
is maintained at 400 °C, then it is found that equal amounts 
of water and ice evaporate and melt per unit time. The latent 
heat of evaporation of water is 540 cal/g and latent heat of 
melting of ice is 80 cal/g. If the point P is at a distance of 
Ax from the ice end A, find the value /. 


[Neglect any heat loss to the surrounding. | (2009) 


A piece of ice (heat capacity= 2100 J kg! °C"! and latent heat 
= 3.36 x 10° Jkg™!) ofmass m grams is at —5°C at atmospheric 
pressure. It is given 420 J of heat so that the ice starts melting. 
Finally when the ice-water mixture 1s in equilibrium, it is found 
that 1 gm of ice has melted. Assuming there is no other heat 
exchange in the process, the value of m 1s (2010) 
Two spherical bodies A (radius 6 cm ) and B(radius 18 cm ) 
are at temperature 7, and T,, respectively. The maximum 
intensity in the emission spectrum of A is at 500 nm and in 
that of B is at 1500 nm. Considering them to be black bodies, 
what will be the ratio of the rate of total energy radiated by 
A to that of B? (2010) 


l 
A diatomic ideal gas is compressed adiabatically to 2 of 


its initial volume. Ifthe initial temperature of the gas is 7; (in 


Kelvin) and the final temperature is a 7, , the value of a is 


(2010) 

Steel wire of lenght ‘L’ at 40°C is suspended from the ceiling 

and then a mass ‘m’ is hung from its free end. The wire is 

cooled down from 40°C to 30°C to regain its original length 

‘L’. The coefficient of linear thermal expansion ofthe steel 1s 

10°>/° C, Young’s modulus of steel is 10'! N/m? and radius 

of the wire is 1 mm. Assume that L>>diameter of the wire. 

Then the value of “m’ in kg is nearly (2011) 

A thermodynamic system is taken from an initial state i with 
internal energy U;= 100 J to the final state falong two different 
paths iaf and ibf, as schematically shown in the figure. The 
work done by the system along the paths af, ib and bf are 
Wa 200 J, W,, =50 Jand W,-=100 Jrespectively. The heat 
supplied to the system along the path 1af, ib and bf are Oiap 
Q,,, and O,tespectively. Ifthe internal energy of the system 
Lop is 

ib 
(JEE Ady. 2014) 


in the state b is U, = 200 Jand Q, - 500 J, The ratio 


Two spherical stars A and B emit blackbody radiation. The 
radius of A is 400 times that of B and A emits 10* times the 


A4 
power emitted from B. The ratio (4a of their wavelengths 


X., and AX, at which the peaks occur in their respective 
radiation curves 1s (JEE Adv. 2015) 

A metal is heated in a furnace where a sensor is kept above 
the metal surface to read the power radiated (P) by the metal. 
The sensor has a scale that displays log,, (P/Po ), where P, 
is a constant. When the metal surface 1s at a temperature of 
487°C, the sensor shows a value 1. Assume that the 
emissivity of the metallic surface remains constant. What is 
the value displayed by the sensor when the temperature of 
the metal surface is raised to2767°C? (JEE Adv. 2016) 


10. 


11. 


Section-B 


Which statement is incorrect? 

(a) all reversible cycles have same efficiency 

(b) reversible cycle has more efficiency than an irreversible 
one 

(c) Carnot cycle is a reversible one 

(d) Carnot cycle has the maximum efficiency in all cycles. 

Heat given to a body which raises its temperature by 1°C is 

(a) waterequivalent (b) thermal capacity [2002] 

(c) specific heat (d) temperature gradient 

Infrared radiation is detected by 

(a) spectrometer (b) pyrometer 

(c) nanometer (d) photometer 

Which of the following is more close to a black body? 

(a) blackboard paint (b) green leaves [2002] 

(c) black holes (d) red roses 

Cooking gas containers are kept in a lorry moving with 

uniform speed. The temperature of the gas molecules inside 

will [2002] 

(a) increase 

(b) decrease 

(c) remain same 

(d) decrease for some, while increase for others 

If mass-energy equivalence is taken into account, when 

water 1s cooled to form ice, the mass of water should 

(a) increase [2002] 

(b) remain unchanged 

(c) decrease 

(d) first increase then decrease 

At what temperature is the r.m.s velocity of a hydrogen 

molecule equal to that ofan oxygen molecule at 47°C? 

(a) 80K (b) -73K [2002] 

(c) 3K (d) 20K. 

Even Carnot engine cannot give 100% efficiency because 

we cannot [2002] 

(a) prevent radiation 

(b) find ideal sources 

(c) reach absolute zero temperature 

(d) eliminate friction. 

1 mole ofa gas with Y = 7/5 is mixed with 1 mole of a gas 


[2002] 


[2002] 


with Y =5/3, then the value of Y for the resulting mixture is 
(a) 7/5 (b) 2/5 [2002] 
(c) 24/16 (d) 12/7. 

Two spheres of the same material have radii 1 m and 4 m and 
temperatures 4000 K and 2000 K respectively. The ratio of 
the energy radiated per second by the first sphere to that by 


the second is [2002] 
(a) 1:1 (b) 16:1 
(c) 4:1 (d) 1:9. 


“Heat cannot by itself flow from a body at lower temperature 
to a body at higher temperature” is a statement or 
consequence of [2003] 
(a) second law of thermodynamics 

(b) conservation of momentum 

(c) conservation of mass 

(d) first law of thermodynamics 


12, 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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During an adiabatic process, the pressure of a gas 1s found 
to be proportional to the cube of its absolute temperature. 


The ratio Cp/Cy for the gas is ]2003] 
4 

a) 3 (b) 2 
5 3 

() 3 () > 


Which of the following parameters does not characterize 
the thermodynamic state of matter? ]2003] 
(a) Temperature (b) Pressure 

(c) Work (d) Volume 


A Carnot engine takes 3x10° cal. of heat from a reservoir 


at 627°C, and gives it to a sink at 27°C. The work done 
by the engine is ]2003] 


(a) 4.2x10°) (b) 8.4x10°J 


(c) 16.8x10°J (d) zero 

The earth radiates in the infra-red region of the spectrum. 
The spectrum is correctly given by ]2003] 
(a) Rayleigh Jeans law 

(b) Planck’s law of radiation 

(c) Stefan’s law ofradiation 

(d) Wien’s law 

According to Newton’s law of cooling, the rate of cooling 


of a body is proportional to (A0)", where AO is the 


difference of the temperature of the body and the 
surroundings, and n is equal to ]2003] 
(a) two (b) three (c) four (d)one 

One mole of ideal monatomic gas (y = 5/3) is mixed with 


one mole of diatomic gas (y= 7/5). What is y for the 


mixture? Y Denotes the ratio of specific heat at constant 
pressure, to that at constant volume ]2004] 
(a) 35/23 = (b) 23/15 (c) 3/2 (d) 4/3 

If the temperature of the sun were to increase from T to 2T 
and its radius from R to 2R, then the ratio of the radiant 
energy received on earth to what it was previously will be 


(a) 32 (b) 16 ]2004| 
(c) 4 (d) 64 

Which of the following statements is correct for any 
thermodynamic system ? ]2004] 


(a) The change in entropy can never be zero 

(b) Internal energy and entropy and state functions 

(c) The internal energy changes in all processes 

(d) The work done in an adiabatic process is always zero. 
Two thermally insulated vessels 1 and 2 are filled with air at 


temperatures (7|,7,), volume (V,,V,) and pressure 


(Ff, P,) respectively. Ifthe valve joining the two vessels is 


opened, the temperature inside the vessel at equilibrium will 
be ]2004] 


(a) TI>( RY, + Ry.) (AY Ty + PyV2T)) 
(b) (1.+7,)/2 

(c) +h 

(d) TT) (RY, + PyV2) (AY T, + PyV2Tr) 
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Zs 


24. 


25. 


The temperature of the two outer surfaces of a composite 
slab, consisting of two materials having coefficients of 
thermal conductivity K and 2K and thickness x and 4x, 


respectively, are 7, and 7, (7> > 7,) . The rate ofheat transfer 


A(T, —T,)K 
through the slab, in a steady state is (A) f, 
with f equal to [2004] 
4x 
TW 2K T; 
(a) 3 6) 5 © (d) 3 


Which of the following is incorrect regarding the first law 
of thermodynamics? [2005] 
(a) Itis a restatement of the principle of conservation of 
energy 

(b) It is not applicable to any cyclic process 

(c) It mtroduces the concept of the entropy 

(d) It introduces the concept of the internal energy 

The figure shows a system of two concentric spheres of 
radii r, andr, are kept at temperatures T, and T,, respectively. 
The radial rate of flow of heat in a substance between the 
two concentric spheres is proportional to [2005] 


on 
(a) nl) 


(7% —n) 
b en 
©) (4%) (\ 
(c) (%-%) 
d AY 
a (7-H) 


A system goes from A to B via two processes I and II as 
shown in figure. If AU, and AU, are the changes in internal 
energies in the processes I and II respectively, then [2005] 


(a) relationbetween AU; and p 
AU, can not be determined 

(b) AU, = AU, 

(c) AU, < AU, 


(d) AU, > AU, 
The temperature-entropy diagram of a reversible engine 


cycle is given in the figure. Its efficiency is [2005] 
l 
(a) 4 . 
I 
2 ‘ aN 
() 3 
S 
(d) 1 So 28g 
3 


26. 


Z1. 


28. 


ay; 


S|. 


32. 


p-75 
A gaseous mixture consists of 16 g of helium and 16 g of 
oxygen. The ratio 2 ofthe mixture Is ]2005] 
Vv 
(a) 1.62 (b) 1.59 (c) 1.54 (d) 14 


Assuming the Sun to be a spherical body of radius R at a 
temperature of TK, evaluate the total radiant powerd incident 
of Earth at a distance r from the Sun ]2006] 
2»2_T* 2 p2_I* 
(a) 427mqR o> (b) mR o> 
r r 


4 4 

2,2. 0 2_T 

c) ™R°o—; d) R°o— 
©) Anr? ) r? 


where /, is the radius of the Earth and o 1s Stefan's constant. 
Two rigid boxes containing different ideal gases are placed 
on a table. Box A contains one mole of nitrogen at temperature 
T,, while Box contains one mole of helium at temperature 


7 
(7) I. The boxes are then put into thermal contact with 


each other, and heat flows between them until the gases 
reach a common final temperature (ignore the heat capacity 
of boxes). Then, the final temperature of the gases, T, in 


terms of 7, is ]2006] 
3 7 
(a) ‘fa (b) ae 
3 a 
(c) Tp = 510 (d) oF ers 


The work of 146 kJ is performed in order to compress one 
kilo mole of gas adiabatically and in this process the 
temperature of the gas increases by 7°C. The gas is 
(R=8.3 Jmol! K") ]2006] 
(a) diatomic 

(b) triatomic 

(c) amixture of monoatomic and diatomic 

(d) monoatomic 

When a system is taken from state 1 to state falong the path 
laf, itis found that O =50 cal and W= 20 cal. Along the path 
ibf O= 36 cal. Walong the path ibfis ]2007] 


(a) 14cal a f 
(b) 6cal 

(c) l6cal 

(d) 66cal b 


A Carnot engine, having an efficiency of 1 = 1/10 as heat 
engine, is used as a refrigerator. If the work done on the 
system is 10 J, the amount of energy absorbed from the 
reservoir at lower temperature is ]2007] 
(a) 100J (6b) 99J (c) 90J (d) 1J 

One end ofa thermally insulated rod is kept at a temperature 
T, and the other at 7,. The rod is composed of two sections 
of length /, and /, and thermal conductivities K, and K, 
respectively. The temperature at the interface of the two 


section 1S ]2007] 
ie a LT, 
Ky K, 
(a) (Kh 7) + Kylo1) (b (KoloT + KihT,) 
(Kyl + Ky!) (Kyl, + Ko/5) 
(c) (K5)7, + KybT,) (d) (KylbT, + KohT>) 


(Kyi, + Ky) (Kb + Koh) 


33. IfC,and C,, denote the specific heats of nitrogen per unit 
mass at constant pressure and constant volume respectively, 
then [2007] 
(a) Cp—C,=28R (b) Cp—Cy=R/28 
(c) Cp—C,=R/14 (d) Cp-C,=R 

34. The speed of sound in oxygen (O,) at a certain temperature 
is 460 ms“!. The speed of sound in helium (He) at the same 
temperature will be (assume both gases to be ideal) ]2008] 
(a) 1421 ms"! (b) 500ms7 
(c) 650ms! (d) 330ms! 

35. An insulated container of gas has two chambers separated 
by an insulating partition. One of the chambers has volume 
V, and contains ideal gas at pressure P, and temperature 
T,. The other chamber has volume V, and contains ideal 
gas at pressure P, and temperature T,. If the partition is 
removed without doing any work on the gas, the final 
equilibrium temperature of the gas in the container will be 


PVT + PVoT, 


TT) (RV, + PV2) 
AY + BV, 


AViTy + PyVot 
BY;Ty + PyV oT TT) (BY; + PyVo) 
) RY + Py AVA, + PV 21 
36. A long metallic bar is carrying heat from one of its ends to 
the other end under steady-state. The variation of 


temperature 8 along the length x of the bar from its hot end 
is best described by which of the following figures? [2009] 


0 0 


(a) [2008] 


(a) (b) 


(c) (d) 
x x 
DIRECTIONS for questions 37 to 39 : Questions are based on 
the following paragraph. 


Two moles of helium gas are taken over the cycle ABCDA, as 
shown in the P-7 diagram. 


300K 500K 
37. Assuming the gas to be ideal the work done on the gas in 
taking it from A to Bis: 
(a) 300R (b) 400R 
(c) SOOR (d) 200R 
38. The work done on the gas in taking it from D to A 1s: 
(a) +414R (b) —690R 
(c) +690R (d) -414R 
39. The net work done on the gas in the cycle ABCDA is: 
(a) 276R (b) 1076R 
(c) 1904R (d) zero 


41. 


42. 


43. 


44. 


45. 


46. 


eo  —— )Ssopic-wise Solved Papers - PHYSICS 
40. 


Onekg of a diatomic gas is at a pressure of 8 x 10*N/m2. The 
density of the gas is 4kg/m3. What is the energy of the gas 


due to its thermal motion? ]2009] 
(a) 5x104J (b) 6x 104J 
(c) 7x 104J (d) 3x10*J 


Statement 1 : The temperature dependence of resistance is 

usually given as R= R, (1 + a At). The resistance of a wire 

changes from 100Q to 150Q when its temperature is 

increased from 27°C to 227°C. This implies that 

a=2.5x 103°C. 

Statement 2 : R= R, (1+ a Ap) is valid only when the change 

in the temperature AT is small and 

AR =(R- Rp) <<R,. ]2009] 

(a) Statement-1 is true, Statement-2 is true; Statement-2 is 
the correct explanation of Statement-1. 

(b) Statement-1 is true, Statement-2 1s true; Statement-2 is 
not the correct explanation of Statement-1. 

(c) Statement-1 1s false, Statement-2 1s true. 

(d) Statement-1 1s true, Statement-2 is false. 

A diatomic ideal gas is used in a Carnot engine as the working 

substance. If during the adiabatic expansion part of the cycle 

the volume of the gas increases from V to 32 V, the efficiency 

of the engine 1s ]2010] 

(a) 05 (b) 0.75 (c) 0.99 (d) 0.25 

A thermally insulated vessel contains an ideal gas of 

molecular mass M and ratio of specific heats y. It is moving 

with speed v and it's suddenly brought to rest. Assuming 

no heat 1s lost to the surroundings, its temperature increases 


by: ]2011] 
(y-1),,2 yM2y 

(a) 2yR Mv"K (b) - K 
(Dano d Y=) apex 

() “OR () 2G +DR 


Three perfect gases at absolute temperatures 7,, T, and T, 
are mixed. The masses of molecules are m,, m, and m, and 
the number of molecules are n,, n, and n, respectively. 
Assuming no loss of energy, the final temperature of the 
mixture 1s: ]2011] 


2 2 2 
nt, + NyTy a N313 nt; + NT + n3T3 


@) fm Ml} + ngl, + 1313 
nel? + n3Ty + nsT? d (7, +T, + T;) 
(c) nt + NI, + 131, ( ) 3 


A Carnot engine operating between temperatures 7; and T, 


l 
has efficiency 6: When 7, 1s lowered by 62 K its efficiency 


increases to 3 . Then 7 and 7, are, respectively: ]2011] 


(a) 372K and330K (b) 330K and 268K 

(c) 310K and248K (d) 372K and310K 

100g of water is heated from 30°C to 50°C. Ignoring the 
slight expansion of the water, the change in its internal energy 
is (specific heat of water 1s 4184 J/kg/K): ]2011] 
(a) 84kJ (b) 84kJ 

(c) 2.1kJ (d) 4.2kJ 
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47. A wooden wheel of radius R is made of two semicircular part 


48. 


49. 


50. 


(see figure). The two parts are held together by a ring made 
of a metal strip of cross sectional area S and length L. L is 
slightly less than 27R. To fit the ring on the wheel, it is 
heated so that its temperature rises by AJ and it just steps 
over the wheel. As it cools down to surrounding temperature, 
it presses the semicircular parts together. If the coefficient 
of linear expansion of the metal is a, and its Young's modulus 
is Y, the force that one part of the wheel applies on the other 


part is : Pi [2012] 
(a) 2nSYoaAT 7 

(b) SYaAT (A 

() SYaAT US? 

(d) 2SYoAT See 


Helium gas goes through a cycle ABCDA (consisting of 
two isochoric and isobaric lines) as shown in figure 
Efficiency of this cycle is nearly : (Assume the gas to be 
close to ideal gas) [2012] 
(a) 15.4% 
(b) 9.1% 
(c) 10.5% 
(d) 12.5% 
A liquid in a beaker has temperature 0(f) at time ¢ and 0, is 


temperature of surroundings, then according to Newton's 


law of cooling the correct graph between log,(8—9)) and 


tis: 12012] 
a a 
os l 
fo) 
J “2 
of g 
Om (b) 4 
0 —: : —t 
2 2 
bh co) 
() & (d) 
0 0 
—PT 


A Carnot engine, whose efficiency is 40%, takes in heat 
from a source maintained at a temperature of 500K. It is 
desired to have an engine of efficiency 60%. Then, the intake 
temperature for the same exhaust (sink) temperature must 
be: ]2012] 
(a) efficiency of Carnot engine cannot be made larger than 
50% 
(b) 1200K (c) 


750K (d) 600K 


52. 


Do: 


34. 


35. 


P-77 


The above p-v diagram represents the thermodynamic cycle 
of an engine, operatingwith an ideal monatomic gas. The 
amount of heat, extracted from the source in a single cycle is 

]JEE Main 2013] 


(4) PoVo (b) (= pov (Cc) pov (d) 4poVvo 


2 
Ifa piece of metal is heated to temperature 8 and then allowed 
to cool in aroom which is at temperature 8p, the graph between 
the temperature T of the metal and time t will be closest to 
IJEE Main 2013] 


(a) 
(Cc) 
O t—> O t— 
The pressure that has to be applied to the ends of a steel wire 


of length 10 cm to keep its length constant when its 
temperature 1s raised by 100°C 1s: 


(For steel Young’s modulus is 2 x 10!! Nm and coefficient 
|JEE Main 2014] 
(b) 2.2x10’ Pa 


(c) 2.2x10’ Pa (d) 2.2x10° Pa 


There is a circular tube in a vertical plane. Two liquids which 
do not mix and of densities d, and d, are filled in the tube. 
Each liquid subtends 90° angle at centre. Radius joining their 


of thermal expansion is 1.1x10~°K7!) 


(a) 2.2x10° Pa 


. dy. 
interface makes an angle « with vertical. Ratio —- is: 


2 

IJEE Main 2014] 
1+sinao 
(a) l-—sina 
1+cosa 
(b) l—cosa 
1+ tana 
(c) l—tana 
l+sina 
@) l—cosa 

Three rods of Copper, Brass and Steel are welded together to 


form a Y shaped structure. Area of cross - section of each rod 
— 4cem?’ . End of copper rod is maintained at 100°C whereas 


ends of brass and steel are kept at 90°C, Lengths of the copper, 
brass and steel rods are 46, 13 and 12 cms respectively. The 
rods are thermally insulated from surroundings excepts at 
ends. Thermal conductivities of copper, brass and steel are 
0.92, 0.26 and 0.12 CGS units respectively. Rate of heat flow 


through copper rod 1s: |JEE Main 2014] 
(a) 1.2cal/s (b) 2.4 cal/s 
(c) 4.8 cal/s (d) 6.0cal/s 


P-78 Topic-wise Solved Papers - PHYSICS 
56. One mole of a diatomic ideal gas undergoes a cyclic process time of collision between molecules increases as V4, where V 
ABC as shown in figure. The process BC is adiabatic. The C 
temperatures at A, B and C are 400 K, 800 K and 600 K is the volume of the gas. The value of q is : C = =| 
respectively. Choose the correct statement: ]|JEE Main 2014] Cc. 
|JEE Main 2015] 
y+ i io 
(a) > (b) 
3y +5 3y—5 
() —% (d) —| 


60. 'n' moles of an ideal gas undergoes a process A —B as 
shown in the figure. The maximum temperature of the gas 
during the process will be : [JEE Main 2016] 


(a) Thechange in internal energy in whole cyclic process is 
250 R. 

(b) Thechange in internal energy in the process CA is 700 R. 

(c) Thechange in internal energy in the process AB is -350 R. 

(d) The change in internal energy in the process BC 1s 


-500 R. 
57. A solid body ofconstant heat capacity 1 J/°C is being heated (a) IPo Vo 
by keeping it in contact with reservoirs in two ways : 2nR 
|JEE Main 2015] 9P) Vo 
(i) Sequentially keeping in contact with 2 reservoirs such (c) An 
thatee) Fe eevou Supe ne Sebi a ounroa 61. A pendulum clock loses 12 sa day ifthe temperature 1s 40°C 


(i) Sequentially keeping in contact with 8 reservoirs such 
that each reservoir supplies same amount of heat. 
In both the cases body is brought from initial temperature 


and gains 4 s a day if the temperature 1s 20° C. The 
temperature at which the clock will show correct time, and 


100°C to final temperature 200°C. Entropy change of the body the co-efficient of linear expansion ( @ ) of the metal of the 
in the two cases respectively is : pendulum shaft are respectively : [JEE Main 2016] 
(a) In2, 2In2 (b) 2/n2, 8ln2 (a) 30°C; a =1.85 = 103/°C 
(c) In2, 4in2 (d) In2, In2 (b) 55°C; a =1.85x 102°C 
58. Consider a spherical shell of radius R at temperature T. The (c) 25°C: a =1.85x105/°C 
black body radiation inside it can be considered as an ideal gas (d) 60°C: a =1.85x 104°C 
of photons with internal energy per unit volume u = yx T* 62. An ideal gas undergoes a quasi static, reversible process in 
1(U which its molar heat capacity C remains constant. If during 
and pressure p= (=) . If the shell now undergoes an this process the relation of pressure P and volume V is given 
adiabatic expansion the relation between T and R is : by PV" = constant, then n 1s given by (Here Cp and Cy are 
molar specific heat at constant pressure and constant 
JJEE Main 2015] volume, respectively) : [JEE Main 2016] 
Cc — T oc — _ = 
OER ans @ ae ® oe 
(c) Txe® (d) Toc eR —* es 
59. Consider an ideal gas confined in an isolated closed chamber. (c) n= Cp (4) 2= C-Cp 
As the gas undergoes an adiabatic expansion, the average Cy C-C 


GP_3481 


CHAPTER 


A 


C 


10 


Section-A 


Fill inthe Blanks 


An object of mass 0.2 kg executes simple harmonic oscillation 
along the x-axis with a frequency of (25/m) Hz. At the position 
x = 0.04, the object has Kinetic energy of 0.5 J and potential 
energy 0.4 J. The amplitude of oscillations is ....... m. 

(1994 - 2marks) 


MCQs with One Correct Answer 


Two bodies M/ and N of equal masses are suspended from 
two separate massless springs of spring constants k, and 


ky respectively. If the two bodies oscillate vertically such 


that their maximum velocities are equal, the ratio of the 
amplitude of vibration of M to that of Nis (1988 - Imark) 


k k: 
® % © viih © F @ Ihtk 


A particle free to move along the x-axis has potential energy 

given by U(x) = k [1-exp(—x?)] for —co < x < +00, where kis 

a positive constant of appropriate dimensions. Then 

(1999S - 2marks) 

(a) at points away from the origin, the particle is in unstable 
equilibrium 

(b) for any finite nonzero value of x, there is a force directed 
away from the origin 

(c) fits total mechanical energy is 4/2, it has its minimum 
kinetic energy at the origin. 

(d) forsmall displacements from x = 0, the motion is simple 
harmonic 

The period of oscillation of a simple pendulum of length L 

suspended from the roof of a vehicle which moves without 

friction down an inclined plane of inclination « , is given by 


(a) 2n,| (b) 2n,| ~__ (2000S) 
gzcosa gsin a 

(©) 2/4 () 2n.,| Z 
g g tana 


A particle executes simple harmonic motion between x = —A 
and x= +A. The time taken for it to go from 0 to 4/2 is T, and 


to go from A/2 to A is T,. Then (2001S) 
(a) 7,<T, (b) 7,>T7, 
(c) 7,=T, (d) 7,=2T7, 


Simple Harmonic Motion 
(Oscillations) 


JEE @dvanced/ IIT-JEE 


For a particle executing SHM the displacement x is given by 
x =A cosot. Identify the graph which represents the variation 
of potential energy (PE) as a function of time ¢ and 
displacement x (2003S) 


I PE 
PE Ill 
, IV 
».¢ 


(a) 1,00 (b) LIV (c) ILI (d) LIV 
A simple pendulum has time period 7,. The point of 
suspension is now moved upward according to the relation 


y = Kt’, (K = 1 m/s’) where y is the vertical displacement. 
2 


: , , Ty. 
The time period now becomes 7,. The ratio of 7 1s 


2 
(= 10m/s?) (2005S) 


(a) 56 8 (b) 6/5 (c) 1 (d) 4/5 
The x-t graph of a particle undergoing simple harmonic 
motion is shown below. The acceleration of the particle at 


t=4/3sis (2009) 
atl 
gl \ /\ 
40 AF ig * 
l 
(a) No 2 cm/s” (b) = 7 cms? 
32 32 
2 
Wh 2 3) 2 
—. m/ 
(c) a cm/s (d) 35 cm/s 


A uniform rod of length L and mass M 

is pivoted at the centre. Its two ends 

are attached to two springs of equal 

spring constants k. The springs are 

fixed to rigid supports as shown in the 

figure, and the rod is free to oscillate in the horizontal plane. 
The rod is gently pushed through a small angle 6 in one 
direction and released. The frequency of oscillation is 


(2009) 
1 /|2k 1 k 
(a) Sai (b) on Vu 
1 [6k 1 {24k 
) VM O VM 


10. 


11. 


The mass M shown in the figure soaenaae in simple harmonic 


motion with amplitude 4. The amplitude of the point P 1s 
(2009) 
kA kn A KA] ko A 


ols aa 

Oe %® O & © kth © k+k 
A point mass is subjected to two simultaneous sinusoidal 
displacements in x-direction, x,(t) = A sin wt and x,(t) = 

20 , : 
Asin( or 4 . Adding a third sinusoidal displacement 
X,(t) = B sin (wt + 6) brings the mass to a complete rest. The 
values of B and o are (2011) 


(a) V2 24, (b) 4 (c) BAe 


A small block is connected to one end ofa massless spring of 
un-stretched length 4.9 m. The other end of the spring (see 
the figure) is fixed. The system lies on a horizontal frictionless 
surface. The block 1s stretched by 0.2 m and released from 
rest at t= 0. It then executes simple harmonic motion with 
angular frequency @ = 77/3 rad/s. Simultaneously at t = 0, a 
small pebble is projected with speed v form point P at an 
angle of 45 as shown in the figure. Point P is at a horizontal 
distance of 10 m from O. If the pebble hits the block at t= 1 s, 
the value of v is (take g = 10 m/s*) (2012) 


TU 


(a) /50m/s (b) J51m/s 
(c) V¥52m/s (d) /53m/s 


1p MCQs with One or More than One Correct 


A particle executes simple harmonic motion with a frequency. 

f. The frequency with which its kinetic energy oscillates is 
(1987 - 2marks) 

(a) fl2 (b) f 

(c) 2f (d) 4f 

A linear harmonic oscillator of force constant 2 x 10° N/m 

and amplitude 0.01 m has a total mechanical energy of 160 J. 

Its (1989 - 2 Mark) 

(a) maximum potential energy is 100 J 

(b) maximum kinetic energy is 100 J 

(c) maximum potential energy is 160 J 

(d) maximum potential energy is zero 

A uniform cylinder of length Z and mass M having cross 

sectional area A is suspended, with its length vertical, from 

a fixed point by a massless spring, such that it is 

half- submerged in a liquid of density P at equilibrium 


Topic-wise Solved Papers - PHYSICS 


position. When the cylinder is given a small downward push 
and released it starts oscillating vertically with small 
amplitude. If the force constant of the spring is k, the 
frequency of oscillation of the cylinder is (1990 - 2mark) 


7 1 (k=Aee) 7 1 (kane) 
21 M 2 M 

(o) 1 (k+pet)" ‘é 1 (t+ 408)" 
Zn M 2x \ Apg 


A highly rigid cubical block A of small mass M and side L is 
fixed rigidly on to another cubical block B of the same 
dimensions and of low modulus of rigidity 1 such that the 
lower face of A completely covers the upper face of B. The 
lower face of B is rigidly held on a horizontal surface. A 
small force F is applied perpendicular to one of the sides 
faces of A. After the force is withdrawn, block A executes 
small oscillations the time period of which 1s given by 
(1992 - 2mark) 


(a) 2n/MnL (b) an, (c) an an] 


One end of a long metallic wire of length L is tied to the 
ceiling. The other end is tied to a massless spring of spring 
constant K.A mass m hangs freely from the free end of the 
spring. The area of cross-section and the Young’s modulus 
of the wire are A and Y respectively. If the mass 1s slightly 
pulled down and released, it will oscillate with a time period 


T equal to: (1993-2marks) 
YA+KL) 
1/2 a, [UAT KL) 
(a) 2n(m/K) (b) 27 VAK 


(c) 2n{(mYA/KL)'’? (d)  2n{(mL/YA)'/? 

A particle of mass m is executing oscillations about the origin 
on the x axis. Its potential energy is V(x) = k| x |> where kis 
a positive constant. Ifthe amplitude of oscillation is a, then 
its time period 7 is (1998S - 2marks) 
(a) proportionalto 1/a (b) independent of a 


(c) proportional to /g (d) proportional to a 3/2 
Three simple harmonic motions in the same direction having 
the same amplitude a and same period are superposed. If 
each differs in phase from the next by 45°, then. 
(1999S - 3marks) 
(a) theresultant amplitude is (1+ J/2)a 
(b) the phase of the resultant motion relative to the first is 
90° 
(c) the energy associated with the resulting motion is 
(3+ 2/2 ) times the energy associated with any single 


motion 
(d) the resulting motion is not simple harmonic. 


The function x= Asin” wt+ Bcos’ wt +Csinwtcos wt 
represent SHM for which of the option(s) 
(a) forall value of A, Band C (C #0) 
(b) A=B,C=2B 

(c) A=-B,C=2B 

(d) A=B,C=0 


(2006 - 5M, -1) 
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Harmonic Motion (Oscillations) ——————________ | 


A metal rod of length ‘L’ and mass ‘m7’ is pivoted at one end. 
A thin disc of mass ‘M’ and radius ‘R’ (<L) is attached at its 
center to the free end of the rod. Consider two ways the disc 
is attached: (case A). The disc is not free to rotate about its 
centre and (case B) the disc 1s free to rotate about its centre. 
The rod disc system performs SHM in 
vertical plane after being released from 
the same displaced position. Which of 
the following statement(s) is (are) true? 
(2011) | 
(a) Restoring torque in case A = Restoring torque in 
case B 
(b) restoring torque in case A < Restoring torque in case B 
(c) Angular frequency for case A > angular frequency for 
case B. 
(d) Angular frequency for case A< Angular frequency for 
case B. 


10. Two independent harmonic oscillators of equal mass are 


11. 


oscillating about the origin with angular frequencies , and 
@, and have total energies £, and E,, respectively. The 
variations of their momenta p with positions x are shown in 


a a 
the figures. If .- n? and Rm then the correct equation(s) 
(JEE Ady. 2015) 


is(are) 


Energy = £, 


i) 
(a) E£,@, =£,0, (b) a n~ 
_ 45 ee 
(Cc) 0, =n (d) i @ 


A block with mass M is connected by a massless spring 
with stiffness constant k to a rigid wall and moves without 
friction on a horizontal surface. The block oscillates with 
small amplitude A about an equilibrium position x,. Consider 
two cases: (1) when the block is at x,; and (11) when the block 
is at x= x, +A. In both the cases, a particle with mass m(<M) 
is softly placed on the block after which they stick to each 
other. Which of the following statement(s) is (are) true about 
the motion after the mass m is placed on the mass M? 
(JEE Adv. 2016) 
(a) The amplitude of oscillation in the first case changes 


| M , 
by a factor of ,;———_, whereas in the second case it 
m+M 


remains unchanged. 

(b) The final time period of oscillation in both the cases 1s 
same. 

(c) The total energy decreases in both the cases. 

(d) The instantaneous speed at x, of the combined masses 
decreases in both the cases 


Subjective Problems 


A mass M attached to a spring, oscillates with a period of 

2sec. If the mass is increased by 2 kg the period increases 

by one sec. Find the initial mass M assuming that Hook’s 

Law is obeyed. (1979) 

Two masses m, and m, are suspended 

together by a massless spring of 

spring constant k. When the masses 

are in equilibrium, m, is removed 

without disturbing the system. Find 

the angular frequency and amplitude 

of oscillation of m,. (1981 - 3 marks) = 

mM, 

Two light springs of force constants k, and k, and a block 

of mass m are in one line AB on a smooth horizontal table 

such that one end of each spring 1s fixed on rigid supports 
and the other end is free as shown in the figure. The distance 

CD between the free ends of the springs is 60 cms. If the 

block moves along AB with a velocity 120 cm/sec in between 

the springs, calculate the period of oscillation of the block 

(k, = 1.8 N/m, k, =3.2 N/m, m= 200 gm) (1985 - 6 Marks) 

k, kK— 60 cm —>| k, 
V 
A C m DB 

Two non-viscous, incompressible and 

immiscible liquids of densities p and 

1.5 are poured into the two limbs of 

a circular tube of radius R and small 

cross section kept fixed in a vertical 

plane as shown in fig. Each liquid 
occupies one fourth the circumference 
ofthe tube. (1991 - 4+ 4 marks) 

(a) Findthe angle 6 that the radius to the interface makes 
with the vertical in equilibrium position. 

(b) If the whole is given a small displacement from its 
equilibrium position, show that the resulting 
oscillations are simple harmonic. Find the time period 
of these oscillations. 

Two identical balls.A and B each of mass 0.1 kg, are attached 

to two identical massless springs. The spring-mass system 

is constrained to move inside a rigid smooth pipe bent in 
the form ofa circle as shown in Fig. The pipe is fixed ina 
horizontal plane. 

The centres of the ballscanmove <A 

in a circle of radius 0.06 z meter. 

Each spring has a natural length pt; 

Zof 0.067 meter and spring constant 

0.1 N/m. Initially, both the balls are 


displaced by an angle 6 = 7/6 


radian with respect to the diameter PQ of the circle (as shown 

in Fig.) and released from rest. (1993 - 6 marks) 

(i) Calculate the frequency of oscillation of ball B. 

(i) Find the speed of ball A when A and B are at the two 
ends of the diameter PQ. 

(1) What is the total energy of the system 


6. A thin rod of length LZ and area of 
cross-section S is pivoted at its 
lowest point P inside a 
stationary, homogeneous and 
non-viscous liquid . The rod is 
free to rotate in a vertical plane 
about a horizontal axis passing 
through P. The density d, of the 
material of the rod is smaller than the density d, of the liquid. 
The rod is displaced by a small angle @ from its equilibrium 
position and then released. Show that the motion of the rod 
is simple harmonic and determine its angular frequency in 
terms ofthe given parameters. (1996 - 5 Marks) 


7. | Asmall body attached to one end 
of a vertically hanging spring is 
performing SHM about its mean 
position with angular frequency w 
and amplitude a. If at a height y* -,----- 
from the mean position, the body |Y, 
gets detached from the spring, 
calculate the value of y* so that the 
height H attained by the mass is 


maximum. The body does not interact with the spring during 
its subsequent motion after detachment. (aw? > g) 
(2005 - 4 Marks) 


F Match the Following 


DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to 
be matched. The statements in Column-l are labelled A, B, C and D, while the statements in Column- 
IT are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR 
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these 
questions have to be darkened as illustrated in the following example : 

If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 


Pqrt 


A\\O@O8@ 


BJ}OOOOO 
C QOQWOOO 
DIO@MOOO 


Ss ft 


bubbles will look like the given. 


i Column I describes some situations in which a small object moves. Column IT describes some characteristics of these motions. 
Match the situations in Column I with the characteristics in Column II and indicate your answer by darkening appropriate 


bubbles in 4 x 4 matrix given in the ORS. 


Column I 
(A) The object moves on the x -axis under a 
conservative force in such a way that its 


2 


"speed " and position" satisfy v=c fc) —x 


1 
where c, and c, are positive constants. 

(B) The object moves on the x- axis in such a way that 
its velocity and its displacement from the origin 
satisfy v = — kx,where & 1s a positive constant. 

(C) The object is attached to one end of a mass-less 

spring of a given spring constant. The other 

end of the spring is attached to the ceiling of an 

elevator. Initially everything is at rest. The elevator 

starts going upwards with a constant acceleration a. 

The motion of the object is observed from the elevator 

during the period it maintains this acceleration. 


The object is projected from the earth's surface 


vertically upwards with a speed 2,/GM,/R,g, 


where, M,is_ the mass of the earth and R, 1s the 
radius of the earth, Neglect forces from objects other 
than the earth. 


(D) 


(2007) 


Column Il 
(p) The object executes a simple harmonic motion. 


(q) The object does not change its direction. 


(r) The kinetic energy of the object keeps on 
decreasing. 


(s) The object can change its direction only once. 


2. Column]! gives a list of possible set of parameters measured in some experiments. The variations of the parameters in the form of 
graphs are shown in Column II. Match the set of parameters given in Column I with the graph given in Column II. Indicate your 


answer by darkening the appropriate bubbles of the 4 x 4 matrix given in the ORS. 


(2008) 
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Simple Harmonic Motion (Oscillations) 


Column I 
(A) Potential energy of a simple pendulum (y axis) as 
a function of displacement (x axis) 


(B) Displacement (y axis) as a function of time (x axis) 
for a one dimensional motion at zero or constant 


acceleration when the body is moving along the positive 


x-direction. 


(C) Range of a projectile (y axis) as a function of its 
velocity (x axis) when projected at a fixed angle. 


(D) The square ofthe time period (y axis) of a simple 
pendulum as a function ofits length (x axis) 


G Comprehension Based Questions 


PASSAGE - 1 


When a particle ofmass m moves on the x-axis in a potential of the 
form V(x) = kx? it performs simple harmonic motion. The 


corresponding time period is proportional to , fe ,as can be seen 


easily using dimensional analysis. However, the motion ofa particle 
can be periodic even when its potential energy increases on both 
sides of x = 0 in a way different from kx and its total energy is 
such that the particle does not escape to infinity. Consider a particle 
of mass m moving on the x-axis. Its potential energy is V(x) = ax* 
(a. > 0) for |x| near the origin and becomes a constant equal to V, 


for |x| > Xp (see figure). (2010) 
V(x) 
< soos cestisxoneamieageussss ensneesiedanoeaen x, epeizeed >x 
1. Ifthe total energy of the particle is E, it will perform periodic 
motion only if 
(a) E<0 (b) E>0 
(c) V)>E>0 (d) E>V, 


Column II 


(p) | 
(q) é 

6 x 
(r) , 

6 x 


(s) 
6 x 


2. For periodic motion of small amplitude A, the time period T 
of this particle is proportional to 


m 1 |m (OF l fa 
(a) 4\™ (b) i (c) ale (d) Lf 


3. Theacceleration of this particle for |x| > Xp 1s 


(a) proportional to V, (b) proportional to = 
Yo 
(c) proportional to mXo (d) zero 
PASSAGE - 2 


Phase space diagrams are useful tools 

in analyzing all kinds of dynamical 
problems. They are especially useful in 
studying the changes in motion as initial 
position and momenum are changed. 
Here we consider some simple dynamical 


Momentum —>» 


Position — 

systems in one dimension. For such systems, phase space is a 
plane in which position is plotted along horizontal axis and 
momentum 1s plotted along vertical axis. The phase space diagram 
is x(t) vs. p(t) curve in this plane. The arrow on the curve indicates 
the time flow. For example, the phase space diagram for a particle 
moving with constant velocity is a straight line as shown in the 
figure. We use the sign convention in which positon or momentum 
upwards (or to right) 1s positive and downwards (or to left) 1s 
negative. (2011) 


—_ 


The phase space diagram for a ball thrown vertically up 
from ground is 


Momentum Momentum 


(a) ho (b) t~ 


Momentum 


©) ca (¢) Free 


The phase space diagram for simple harmonic motion is a 
circle centered at the origin. In the figure, the two circles 
represent the same oscillator but for different initial 
conditions, and £ and E£, are the total mechanical energies 
respectively. Then 


Momentum 
(a) E,=V2E, Ei 
(b) E, = 2E, < G p - 
(c) £,=4E, 
(d) E,=16E, 
Section-B Mla gyCLwA 45> 


In asimple harmonic oscillator, at the mean position [2002] 
(a) kineticenergyis minimum, potential energy is maximum 
(b) both kinetic and potential energies are maximum 
(c) kinetic energy is maximum, potential energyis minimum 
(d) both kinetic and potential energies are minimum. 
If a spring has time period T, and is cut into n equal parts, 


then the time period of each part will be [2002] 
(ay) Tvn (b) T/Nn 
(c) nT (d) T 


A child swinging on a swing in sitting position, stands up, 
then the time period of the swing will [2002] 
(a) increase 

(b) decrease 

(c) remains same 

(d) increases of the child is long and decreases if the child 

is short 

A mass M is suspended from a spring of negligible mass. 
The spring is pulled a little and then released so that the 
mass executes SHM of time period T- Ifthe mass is increased 


by m, the time period becomes ~~ . Then the ratio of 7 1S 
[2003] 
1 
(d) 5 


3 25 16 
(a) 5 (b) 9 (c) 9 


5. 


eo — )sopic-wise Solved Papers - PHYSICS 
6. 


Consider the spring-mass system, with the mass submerged 
in water, as shown in the figure. The phase space diagram 
for one cycle of this system is 


Momentum Momentum 


(a) (b) 


Position Position 


Momentum Momentum 


Cc 
( ) Position Position 


Two particles A and B of equal masses are suspended from 
two massless springs of spring of spring constant k, and 
k,, respectively. Ifthe maximum velocities, during oscillation, 


are equal, the ratio of amplitude of A and Bis 


k k k 
(a) . (b) h (c) [2 


The length of a simple pendulum executing simple harmonic 
motion is increased by 21%. The percentage increase in the 
time period of the pendulum of increased length is ]2003] 
(a) 11% (b) 21% (c) 42% (d) 10% 

The displacement of a particle varies according to the 


12003] 


ky 
(d) I 


relation x = 4(cos zt +sin nt). The amplitude of the particle 
1S ]2003] 


(a) -4 = (vb) 4 (c) 4/2 (d) 8 

A body executes simple harmonic motion. The potential 
energy (P.E), the kinetic energy (K.E) and total energy (T.E) 
are measured as a function of displacement x. Which ofthe 
following statements 1s true ? ]2003] 
(a) K.E.1smaximum when x=0 

(b) T.Eis zero when x=0 

(c) K.Eismaximum when x ismaximum 

(d) PEismaximum when x=0 
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Simple Harmonic Motion (Oscillations) — sy 
16. 


9: 


10. 


11. 


12. 


1S. 


14. 


15. 


The bob of a simple pendulum executes simple harmonic 
motion in water with a period t, while the period of oscillation 


of the bob is ¢) in air. Neglecting frictional force of water and 
given that the density of the bob is (4/3) x1000 kg/m? , 


What relationship between ¢ and fo is true [2004] 
(c) t=fto (d) t=4t 


A particle at the end of a spring executes S.H.M with a 
period ¢,. while the corresponding period for another spring 
is t,. If the period of oscillation with the two springs in 
series is T then [2004] 


@ Ttegt+s) © Pari 

(c) T=4+h (dd) T= ee 

The total energy of a particle, executing simple harmonic 
motion 1s [2004] 


(b) x? 


1/2 
Cx 


Cc) « 
Oe x 1s the displacement from the mean position, hence 
total energy is independent of x. 
A particle of mass m 1s attached to a spring (of spring constant k) 
and has a natural angular frequency w). An external force 


(a) independent of x 


F(t) proportional to cos@t(@#@Q,) is applied to the 
oscillator. The time displacement of the oscillator will be 


proportional to [2004] 
= = 
(a) m(w6 +07) (b) m(o ~”) 
m m 


(c) 05-0 (d) (wo +@*) 


In forced oscillation of a particle the amplitude is maximum 
for a frequency w, of the force while the energy is maximum 
for a frequency, of the force; then [2004] 
(a) @,< @, when damping is small and @, > w, when 
damping is large 
(b) @,>0, 
(c) 0, =, 
(d) @,<@, 


Two simple harmonic motions are represented by the 


equations y, =0.1 sin [100m +=) and yp =0.1 cos mt. 


The phase difference of the velocity of particle 1 with respect 


to the velocity of particle 2 is [2005] 
@ =~ ®— © = () 
_ 4 6 6 3 
The function sin? (wt) represents [2005] 


(a) aperiodic, but not SHM with a period = 
0) 
2 
(b) aperiodic, but not SHM with a period = 
(c) aSHM witha period = 


(a) aSHMwitha period 2% 
6) 


17. 


18. 


19. 


20. 


21. 


oe. 


23, 


24. 


P-85 


The bob of a simple pendulum is a spherical hollow ball 
filled with water. A plugged hole near the bottom of the 
oscillating bob gets suddenly unplugged. During observa- 
tion, till water is coming out, the time period of oscillation 
would ]2005] 
(a) first decrease and then increase to the original value 
(b) first increase and then decrease to the original value 
(c) increase towards a saturation value 
(d) remain unchanged 

2 


Ifa simple harmonic motion is represented by a= +ax=0, 
its time period is ]2005] 
27 
a == @ 22 © Oe i) on 
Vo aL 


The maximum velocity of a particle, executing simple 
harmonic motion with an amplitude 7 mm, is 4.4 m/s. The 
period of oscillation is ]2006] 
(a) 001s (b) 10s (c) Ol1s (d) 100s 

Starting from the origin a body oscillates simple harmonically 
with a period of 2 s. After what time will its kinetic energy be 


75% of the total energy? ]2006] 
ne b a a d - 
@ ~ © 7 © 3 @ > 


Two springs, of force constants k, and k, are connected to 
a mass m as shown. The frequency of oscillation of the 
mass 1s f- If both &, and k, are made four times their original 


values, the frequency of oscillation becomes ]2007] 
k, = k, 
(a) 2f (b) f/2 (ce) f/4 (d) 4f 


A particle of mass m executes simple harmonic motion with 
amplitude a and frequency v. The average kinetic energy 
during its motion from the position of equilibrium to the end 
iS ]2007] 
(a) 2n*ma*v (b) n°ma*v" 


Lo 


| 
(c) Fe Vv (d) 4n*ma’v" 


The displacement of an object attached to a spring and 
executing simple harmonic motion is given byx =2 x 10-2 
cos mt metre.The time at which the maximum speed first 


occurs 1S ]2007] 
(a) 0.25s (b) 0.5s 
(c) 0.75s (d) 0.125s 


A point mass oscillates along the x-axis according to the 
law x = x, cos(wt — 1/4) . Ifthe acceleration of the particle 
is written as a= A cos(@t+95) ,then ]2007] 


(a) A=xyw*, 8=3n/4 (b) A=x),8=—n/4 
(c) A=xw", 8=n/4 (d) A=x9@", 5=—n/4 
Ifx, v and a denote the displacement, the velocity and the 


acceleration of a particle executing simple harmonic motion 
of time period 7, then, which of the following does not 


change with time? ]2009] 
(a) aT/x (b) aT+2nv 
(c) aT/v (d) a*7?+4n*v? 


eo $s opic-wise Solved Papers - PHYSICS 
25. Twoparticles are executing simple harmonic motion ofthe 30. A particle moves with simple harmonic motion in a straight 


same amplitude A and frequency @ along the x-axis. Their line. In first ts, after starting from rest it travels a distance a, 
mean position is separated by distance X)(X, > A). If the and in next 1s it travels 2a, in same direction, then: 
maximum separation between them 1s (X, + A), the phase JJEE Main 2014] 
difference between their motion is: [2011] 


(a) amplitude of motion is 3a 


Tw qt 1 Tt (b) time period of oscillations is 87 
(a) 3 (b) 4 (c) 6 (d) 2 (c) amplitude of motion is 4a 
26. Amass M, attached to a horizontal spring, executes S.H.M. (d) time period of oscillations is 6 
with amplitude 4,. When the mass M passes through its 31, A pendulum made of a uniform wire of cross sectional area 
mean position then a smaller mass m is placed over it and A has time period T. When an additional mass M is added to 
both of them move together with amplitude 4,. The ratio of its bob, the time period changes to T,,. Ifthe Young's modulus 
l 
4 is: [2011] of the material of the wire is Y then y is equal to : 
(g = gravitational acceleration) [JEE Main 2015] 
1 
M+m M \2 y) 2 
@ “ o) (“_? 7 (Za) i - (2) A 
T / |Mg Im) |Mg 
1 
M > M 
© (Fy © Mem () (a ) 1 ~— (a ) 1 x 
6 -M | _1,/-~ —M | _;|~®8 
27. Ifasimple pendulum has significant amplitude (up to a factor q Mg qT A 


of 1/e of original) only in the period between t=Ostot= ts, 32. Forasimple pendulum, a graph is plotted between its kinetic 


then t may be called the average life of the pendulum. energy (KE) and potential energy (PE) against its displacement d. 
When the spherical bob of the pendulum suffers a Which one of the following represents these correctly? 
retardation (due to viscous drag) proportional to its velocity (graphs are schematic and not drawn to scale) 
with 5 as the constant of proportionality, the average life |JEE Main 2015] 
time of the pendulum is (assuming damping is small) in 
seconds : [2012] 

0.693 1 2 
(a) —,Z (©) b () 5 @) 5 


28. The amplitude of a damped oscillator decreases to 0.9 times 
its original magnitude in 5s. In another 10s it will decrease to 
co times its original magnitude, where a equals 
(a) 0.7 (b) 0.81 |JEE Main 2013] 
(c) 0.729 (d) 06 

29. An ideal gas enclosed in a vertical cylindrical container 

supports a freely moving piston of mass M. The piston and 
the cylinder have equal cross sectional area A. When the 
piston is in equilibrium, the volume of the gas is V, and its 
pressure is Po. The piston is slightly displaced from the 33, A particle performs simple harmonic mition with amplitude 


equilibrium position and released. Assuming that the system A. Its speed is trebled at the instant that it is at a distance 
is completely isolated from its surrounding, the piston executes aA 
a simple harmonic motion with frequency |JEE Main 2013] ~3 from equilibrium position. The new amplitude of the 
(a) 1 AyPo (b) 1 VoMP motion is : [JEE Main 2016| 
2n VM 2n Ay 7A 
(a) AV3 (b) 37 


1 |A*yP 1 {MVo A 
© oY MY, © on VAP, @ 3v4l (@) 3A 
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CHAPTER 


a Section-A 


A Fill inthe Blanks 


A travelling wave has the frequency v and the particle 
displacement amplitude A. For the wave the particle velocity 
amplitude is ---------- and the particle acceleration amplitude 
IS ---------- (1983 - 2 Marks) 


Sound waves of frequency 660 Hz fall normally on a perfectly 
reflecting wall. The shortest distance from the wall at which 
the air particles have maximum amplitude of vibration is ..... 
metres. (1984- 2 Marks) 
Two simple harmonic motions are represented by the 
equations 


y, = 10sin Bnt + 1/4) and yy = 5(sin 3nt + V3 cos3nt) 


Their amplitudes are in the ratio of.......... (1986 - 2 Marks) 
In a sonometer wire, the tension is maintained by suspending 


a 50.7 kg mass from the free end of the wire. The suspended 


mass has a volume of 0.0075 m?. The fundamental frequency 
of vibration of the wire is 260 Hz. Ifthe suspended mass is 
completely submerged in water, the fundamental frequency 
(1987 - 2 Marks) 


The amplitude of a wave disturbance propagating in the 


at time t= 0 and 


positive x-direction is given by y= ; 
(1+ x) 


byy at t = 2 seconds, where x and y are 


[l+(x-1)7] 
in metres. The shape of the wave disturbance does not 
change during the propagation. The velocity of the wave is 
(1990 - 2 Marks) 
A cylinder resonance tube open at both ends has 
fundamental frequency F in air. Half of the length of the 
tube is dipped vertically in water. The fundamental frequency 
to the air column nowls..............0..... (1992 - I Mark) 
A bus is moving towards a huge wall with a velocity of 
5 ms!. The driver sounds a horn of frequency 200 Hz. The 
frequency of the beats heard by a passenger of the bus will 
be..... Hz (Speed of sound in air = 342 ms!) 

(1994 - 2 Marks) 


4. 


JEE @dvanced/ IIT-JEE 


True/False 


A man stands on the ground at a fixed distance from a siren 
which emits sound of fixed amplitude. The man hears the 
sound to be louder on a clear night than on a clear day. 
(1980) 
A plane wave of sound travelling in air is incident upon a 
plane water surface. The angle of incidence is 60°. Assuming 
snell’s law to be valid for sound waves, it follows that the 
sound wave will be refracted into water away from the normal. 
(1984- 2 Marks) 
A source of sound with frequency 256 Hz is moving with a 
velocity V towards a wall and an observer is stationary 
between the source and the wall. When the observer is 
between the source and the wall he will hear beats 
(1985 - 3 Marks) 


MCQs with One Correct Answer 


A cylindrical tube open at both ends, has a fundamental 
frequency ‘f in air. The tube is dipped vertically in air. The 
tube is dipped vertically in water so that half of it 1s in water. 
The fundamental frequency of the air column in now 
(1981- 2 Marks) 
f 3f 


™@> o& 7 OF () x 


A wave represented by the equation y = a cos (kx — @f) 1s 
superposed with another wave to form a stationary wave 
such that point x = 0 is a node. The equation for the other 
wave 1S (1988 - I Mark) 


(a) asin(kx + ot) (b) —acos(kx — ot) 
(c) —acos(kx + @t) (d) -—asin(kx —- ot) 
An object of specific gravity p is hung from a thin steel 
wire. The fundamental frequency for transverse standing 
waves in the wire is 300 Hz. The object is immersed in water 


so that one half of its volume is submerged. The new 
fundamental frequency in Hz is (1995S) 


2 2p-1 
0 mes) mf) 


A wave disturbance in a medium is described by 


y(x,t) = 0.02 cos sone + =| cos(107x) where x and y are 


in metre and t 1s in second (1995S) 


10. 


11. 


12, 


13. 


(a) Anode occurs atx=0.15m 

(b) An antinode occurs at x = 0.3 m 

(c) The speed wave is 5 ms“! 

(d) The wave length is 0.3 m 

The extension in a string, obeying Hooke’s law, is x. The 

speed of sound in the stretched string is v. If the extension 

in the string is increased to 1.5x, the speed of sound will be 
(1996 - 2 Marks) 


(a) 1.22v (b) 0.6lv (c) 1.50v (d) 0.75v 
An open pipe is suddenly closed at one end with the result 
that the frequency of third harmonic of the closed pipe is 
found to be higher by 100Hz than the fundamental frequency 
of the open pipe. The fundamental frequency of the open 
pipe is (1996 - 2 Marks) 
(a) 200Hz (b) 300Hz (c) 240Hz (d) 480Hz 
A travelling wave in a stretched string is described by the 
equation y=A sin (kx -wt) The maximum particle velocity is 
(1997 - I Mark) 
(a) Aw (b) wa/k (c) dw/dk (d) x/t 
A train moves towards a stationary observer with speed 34 
m/s. The train sounds a whistle and its frequency registered 
by the observer is f,. If the train's speed is reduced to 17 
m/s, the frequency registered is f,. If the speed of sound is 
340 m/s, then the ratio f/f, is (2000S) 
(a) 18/19 (b) 12 (c) 2 (d) 19/18 
Two vibrating strings of the same material but lengths Z and 
2L have radii 27 and r respectively. They are stretched under 
the same tension. Both the strings vibrate in their 
fundamental nodes, the one of length L with frequency v, 
and the other with frequency v,. The raio v,/v, 1s given 
by (2000S) 
(a) 2 (b) 4 (c) 8 (d) 1 
Two monatomic ideal gases 1 and 2 of molecular masses m, 
and m, respectively are enclosed in separate containers 
kept at the same temperature. The ratio of the speed of sound 


in gas | to that in gas 2 is given by (2000S) 
8 Ls uG id 
ol, OO), OR @% 


Two pulses in a stretched string whose centers are initially 
8 cm apart are moving towards each other as shown in the 
figure. The speed of each pulse is 2 cm/s. After 2 seconds, 
the total energy of the pulses will be _, (2001S) 
(a) zero 

(b) purely kinetic Vf 
(c) purely potential — 

(d) partly kinetic and partly potential 8m 

The ends ofa stretched wire of length L are fixed at x = 0 and 
x = L. In one experiment, the displacement of the wire is 
y, =A sin (rx/L) sin wt and energy is E, and in another 
experiment its displacement is y, = A sin (27x/L) sin 2@t and 


energy is E,. Then (2001S) 
(a) E,=E, (b) E,=2E, 
(c) E,=4E, (d) F,=16E, 


A siren placed at a railway platform is emitting sound of 
frequency 5 kHz. A passenger sitting in a moving train A 


14. 


15. 


16. 


17. 


18. 


19. 
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records a frequency of 5.5 kHz while the train approaches 
the siren. During his return journey in a different train B he 
records a frequency of 6.0 kHz while approaching the same 
siren. The ratio of the velocity of train B to that train A is 
(a) 242/252 (b) 2 (2002S ) 
(c) 5/6 (d) 11/6 

A sonometer wire resonates with a given tuning fork forming 
standing waves with five antinodes between the two bridges 
when a mass of 9 kg is suspended from the wire. When this 
mass is replaced by a mass M, the wire resonates with the 
same tuning fork forming three antinodes for the same 
positions of the bridges. The value of M is (2002S ) 
(a) 25kg (b) S5kg (c) 125kg  (d) 1/25kg 
A police car moving at 22 m/s, chases a motorcyclist. The 
police man sounds his horn at 176 Hz, while both of them 
move towards a stationary siren of frequency 165 Hz. 
Calculate the speed of the motorcycle, if it 1s given that he 


does not observes any beats. (2003S) 
Police Car Motorcycle 
—» 22 m/s => iain 
176 Hz (165 Hz) 
(a) 33m/s (b) 22m/s (c) zero (d) 11m/s 


In the experiment for the determination of the speed of sound 
in air using the resonance column method, the length ofthe 
air column that resonates in the fundamental mode, with a 
tuning fork is 0.1 m. When this length is changed to 0.35 m, 
the same tuning fork resonates with the first overtone. 
Calculate the end correction. (2003S) 
(a) 0.012m (b) 0.025m (c) 0.05m (d) 0.024m 
A pipe of length (,, closed at one end is kept in a chamber 
of gas of density p,. A second pipe open at both ends is 
placed in a second chamber of gas of density p,. The 
compressibility of both the gases 1s equal. Calculate the 
length of the second pipe if frequency of first overtone in 
both the cases is equal (2004S) 


4 Jeo 4, |P1 

(a) 31 P} (b) 31 P2 
(c) tf (d) ts fP 
PI P2 


In a resonance tube with tuning fork of frequency 512 Hz, 
first resonance occurs at water level equal to 30.3 cm and 
second resonance occurs at 63.7 cm. The maximum possible 
error in the speed of sound is (2005S) 
(a) 51.2cm/s (b) 102.4cm/s 
(c) 204.8 cm/s (d) 153.6cm/s 
An open pipe is in resonance in 2nd harmonic with 
frequency f,. Now one end of the tube is closed and 
frequency is increased to f, such that the resonance again 
occurs in nth harmonic. Choose the correct option 
(2005S) 


O: 2872-9 


@) 0-3, f=sh ; 


4 


© "=3f=Th — @ 2-5. f=2h 
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Waves 
20. 


21. 


22. 


23. 


24. 


A massless rod of length L is suspended by two identical 
strings AB and CD of equal length. A block of mass m is 
suspended from point O such that BO is equal to ‘x’. Further 
it is observed that the frequency of Ist harmonic in AB is 
equal to 2nd harmonic frequency in CD. ‘x’ is 

(2006 - 3M, —1) 


L 
(a) 5 
AL 
(b) a 
3L 
(c) 7 
L 
(d) 7q 


In the experiment to determine the speed of sound using a 

resonance column, (2007) 

(a) prongs of the tuning fork are kept in a vertical plane 

(b) prongs of the tuning fork are kept in a horizontal 
plane 

(c) in one of the two resonances observed, the length of 
the resonating air column is close to the wavelength 
of sound in air 

(d) in one of the two resonances observed, the length of 
the resonating air column 1s close to half of the 
wavelength of sound in air 

A transverse sinusoidal wave moves along a string in the 

positive x-direction at a speed of 10 cm/s. The wavelength of 

the wave is 0.5 m and its amplitudeis 10 cm. Ata particular time 

t, the snap—shot of the wave is shown in figure. The velocity of 


point P when its displacement is 5 cm is — (2008) 
@) =" jm/s y 

(b) Sj m/s P 

(c) =i m/s . 

(d) a m/s 


A vibrating string of certain length ¢ under a tension T 
resonates with a mode corresponding to the first overtone 
(third harmonic) of an air column of length 75 cm inside a 
tube closed at one end. The string also generates 4 beats 
per second when excited along with a tuning fork of 
frequency n. Now when the tension of the string is slightly 
increased the number of beats reduces 2 per second. 
Assuming the velocity of sound in air to be 340 m/s, the 
frequency n of the tuning fork in Hz is (2008) 
(a) 344 (b) 336 (c) 1173 (d) 1093 

A hollow pipe of length 0.8 m is closed at one end. At its 
open end a 0.5 m long uniform string is vibrating in its 
second harmonic and it resonates with the fundamental 
frequency of the pipe. If the tension in the wire is 50 N and 
the speed of sound is 320 ms~!, the mass of the string is 


25. 


26. 


P-89 
(2010) 


(a) 5grams (b) 10 grams 
(c) 20grams (d) 40 grams 
A police car with a siren of frequency 8 kHz is moving with 
uniform velocity 36 km/hr towards a tall building which reflects 
the sound waves. The speed of sound in air is 320 m/s. The 


frequency of the siren heard by the car driver is (2011) 
(a) 850kHz (b) 8.25kHz 
(c) 7.75 kHz (d) 7.50kHZ 


A student is performing the experiment of resonance column. 
The diameter of the column tube is 4 cm. The frequency of 
the tuning fork is 512 Hz. The air temperature is 38°C in 
which the speed of sound is 336 m/s. The zero of the meter 
scale coincides with the top end of the resonance column 
tube. When the first resonance occurs, the reading of the 
water level in the column is (2012) 


(a) 140cm = (b) 15.2cm (c) 164cm (d) 17.6cm 


1» MCQs with One or More than One Correct 


1. 


A wave equation which gives the displacement along the 

y-direction is given by y= 10 sin (60¢+ 2x) where x and y are 

in metres and fis time in seconds. This represents a wave 

(1982 - 3 Marks) 

(a) travelling with a velocity of 30 m/s in the negative x 
direction 

(b) of wavelength mm 

(c) of frequency 30/n hertz 

(d) of amplitude 10+ m traveling along the negative 
x-direction 

A transverse wave is described by the equation 


y=yosin2n ( ft- 2) . The maximum particle velocity 1s 


equal to four times the wave velocity if (1984-2 Marks) 


_ 0 _ 0 
@) amy (b) Rams 
(c) A=Myp (d) A= 2nyy 


An air column in a pipe, which is closed at one end, will be 
in resonance with a vibrating tuning fork of frequency 264 
Hz if the length of the column incmis: (1985 - 2 Marks) 
(a) 31.25 (b) 62.50 (c) 93.75 (d) 125 
A tube, closed at one end and containing air, produces, 
when excited, the fundamental note of frequency 512 Hz. If 
the tube is open at both ends the fundamental frequency 
that can be excited is (in Hz) (1986 - 2 Marks) 
(a) 1024 (b) 512 (c) 256 (d) 128 
The displacement of particles in a string stretched in the 
x-direction is represented by y. Among the following 
expressions for y, those describing wave motion are : 
(1987 - 2 Marks) 


(a) coskx sinwt (b) 2x2 —~@2/? 
(c) cos*(kx+ ot) (d) cos (k*x* — 7?) 
An organ pipe F closed at one end vibrating in its first 


harmonic and another pipe P, open at ends vibrating in its 
third harmonic are in resonance with a given tuning fork. 


The ratio of the length of A to that of P, is 
(1988 - 2 Marks) 


(a) 83 (b) 38 (c) 14 (d) 13 
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10. 


11. 


2. 


Velocity of sound in air is 320 m/s. A pipe closed at one end 
has a length of 1 m. Neglecting end corrections, the air 
column in the pipe can resonate for sound of frequency : 

(1989 - 2 Marks) 
(a) 80Hz (b) 240Hz (c) 320Hz (d) 400 Hz 
A wave is represented by the equation 


Tt 
y=Asin(lOnx+ 15 nt+ 3) 


where x is in meters and ¢ is in seconds. The expression 

represents : (1990 - 2 Marks) 

(a) a wave travelling in the positive x-direction with a 
velocity 1.5 m/s. 

(b) a wave traveling in the negative x-direction with a 
velocity 1.5 m/s. 

(c) a wave travelling in the negative x-direction having a 
wavelength 0.2 m. 

(d) a wave travelling in the positive x-direction having a 
wavelength 0.2 m. 

Two identical straight wires are stretched so as to produce 

6 beats per second when vibrating simultaneously. On 

changing the tension slightly in one of them, the beat 


frequency remains unchanged. Denoting by 7,, 7, the 


higher and the lower initial tension in the strings, then it 
could be said that while making the above changes in 
tension, (1991 - 2 Marks) 


(a) 7, was decreased (b) 7, was increased 


(c) 7, was decreased (d) 7, was increased 


The displacement y of a particle executing periodic motion 
—— 1). 
is given by y= 4cos” (4 7 sin(10007r) 


This expression may be considereed to be a result of the 
superposition of (1992 - 2 Marks) 
(a) two (b) three (c) four (d) five 
A sound wave of frequency / travels horizontally to the 
right. It is reflected from a large vertical plane surface moving 
to left with a speed v. The speed of sound in medium is C 
(1995S) 
(a) The number of wave striking the surface per second is 


Aas) 
c 
(b) The wavelength of reflected wave is a 
f(c+v) 
(c+Vv) 


(c) The frequency of the reflected wave is f 39) 
“4 
(d) The number of beats heard by a stationary listener to 


the left of the reflecting surface is a 


Astring of length 0.4 m and mass 10 kg is tightly clamped 
at its ends. The tension in the string 1s 1.6 N. Identical wave 
pulses are produced at one end at equal intervals of time, 
At. The minimum value of At which allows constructive 
interference between successive pulses 1s(1998 - 2 Marks) 
(a) 0.05s (b) 0.10s (c) 0.20s (d) 0.40s 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


The (x, y) co-ordinates of the corners of a square plate are 
(0, 0), (LZ, 0), (Z, L) and (0, L). The edges of the plate are 
clamped and transverse standing waves are set up in it. If 
u(x, y) denotes the displacement of the plate at the point 
(x, y) at some instant of time, the possible expression(s) for 
u is (are) (a = positive constant) (1998 - 2 Marks) 
(a) acos(mx/2L) cos (my/2L)(b) asin (2x/L) sin (1y/L) 
(c) asin(nx/L) sin (2my/L) (d) acos (2nx/L) sin (ny/L) 
A transverse sinusoidal wave of amplitude a, wavelength A 
and frequency / is travelling on a stretched string. The 
maximum speed of any point on the string is v/10, where v is 
the speed of propagation of the wave. If a = 103m and 
v=10ms"!,thenAandfare givenby (1998-2 Marks) 


(a) X= 2nx1077m (b) 4=10-27m 


(c) f =10°Az/(2n) (d) f=104 Hz 

y(x, t)= 0.8/[4x+52)°+5] represents a moving pulse, where x 

and y are in meter and ¢ in second. Then 

(1999 - 3 Marks) 

(a) pulse is moving in + x direction 

(b) in2-sit will travel a distance of 2.5m 

(c) itsmaximum displacement is 0.16m 

(d) itisasysmmetric pulse 

In a wave motion y = a sin (kx - wt), y can represent 

(1999 - 3 Marks) 

(a) electric field (b) magnetic field 

(c) displacement (d) pressure 

Standing waves can be produced (1999 - 3 Marks) 

(a) ona string clamped at both the ends. 

(b) ona string clamped at one end free at the other 

(c) when incident wave gets reflected from a wall 

(d) when two identical waves with a phase difference of x 
are moving in the same direction 

AS a wave propagates, (1999 - 3 Marks) 

(a) the wave intensity remains constant for a plane wave 

(b) the wave intensity decreases as the inverse of the 
distance from the source for a spherical wave 

(c) the wave intensity decreases as the inverse square of 
the distance from the source for a spherical wave 

(d) total intensity of the spherical wave over the spherical 
surface centred at the source remains constant at all 
times. 

A student performed the experiment to measure the speed 

of sound in air using resonance air-column method. Two 

resonances in the air-column were obtained by lowering the 

water level. The resonance with the shorter air-column 1s 

the first resonance and that with the longer air-column is 

the second resonance. Then, (2009) 

(a) the intensity of the sound heard at the first resonance 
was more than that at the second resonance 

(b) the prongs of the tuning fork were kept in a horizontal 
plane above the resonance tube 

(c) the amplitude of vibration of the ends of the prongs is 
typically around | cm 

(d) the length of the air-column at the first resonance was 
somewhat shorter than 1/4th of the wavelength of the 
sound in air 
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20. Aperson blows into open-end of a long pipe. As a result, a 


21. 


ZL 


Z, 


high pressure pulse of air travels down the pipe. 
When this pulse reaches the other end of the pipe, 
(2012) 
(a) a high-pressure pulse starts travelling up the pipe, if 
the other end of the pipe is open. 
(b) alow-pressure pulse starts travelling up the pipe, if the 
other end of the pipe is open. 
(c) alow-pressure pulse starts travelling up the pipe, if the 
other end of the pipe is closed. 
(d) a high-pressure pulse starts travelling up the pipe, if 
the other end of the pipe is closed. 
A horizontal stretched string, fixed at two ends, is vibrating 
in its fifth harmonic according to the equation, y(x, t) = (0.01 
m) sin [(62.8 m7!)x] cos[(628 s~!)¢]. Assuming m= 3.14, the 
correct statement(s) 1s (are) (JEE Ady. 2013) 
(a) The number of nodes is 5 
(b) The length of the string is 0.25 m 
(c) Themaximum displacement ofthe midpoint of the string, 
from its equilibrium position is 0.01 m 
(d) The fundamental frequency is 100 Hz 
Two vehicles, each moving with speed u on the same 
horizontal straight road, are approaching each other. Wind 
blows along the road with velocity w. One of these vehicles 
blows a whistle of frequency f,. An observer in the other 
vehicle hears the frequency of the whistle to be f,. The 
speed of sound in still air is V. The correct statement(s) is 
(are) (JEE Ady. 2013) 
(a) If the wind blows from the observer to the source, 
f, >f 
(b) If the wind blows from the source to the observer, 
f, >f 
(c) If the wind blows from observer to the source, 
f,<f 
(d) If dic wind blows from the source to the observer, 
f,<f 
A student 7 performing an experiment using a resonance 
column and a tuning fork of frequency 244 s"!. He is told 
that the air in the tube has been replaced by another gas 
(assume that the column remains filled with the gas). Ifthe 
minimum height at which resonance occurs is 


(0.350+0.005) m, the gas in the tube is 


(Useful information: ./167R7 = 640)'/7mole7!’2 ; 
VI40RT = 590J'/2 mole !/2 . The molar masses M in grams 


bs [10 
are given in the options. Take the values of 7 for each 


gas as given there.) (JEE Ady. 2014) 


( 10 7) 
N M = 20,,/—=— 
(a) eon [ 150 10) 
b) Nitrogen { af = 28, 12 = 3) 
(b) Nitrogen [ = 28,4159 = 5] 
( 10 (9) 
O M = 32,,/— =— 
(c) Oxygen [ 30] 6) 
( 10 17) 
M =36,,|— =— 
(d) Argon [ 136 ~ 39 


24. Oneend ofa taut string of length 3 m along the x-axis is fixed 


25. 


at x= 0. The speed of the waves in the string is 100 ms~!. The 
other end of the string is vibrating 1n the y-direction so that 
stationary waves are set up in the string. The possible 
waveform (s) of these stationary waves is(are) 
(JEE Adv. 2014) 
5Ont 


(a) y(t)= Asin=~cos—— 


(b) y(t)= Asin cos 


250nt 
3 


(c) y(t)= Asin>= cos 


(d) y(t)= Asin eos 250nt 


Two loudspeakers M and N are located 20 m apart and emit 
sound at frequencies 118 Hz and 121 Hz, respectively. A car 
is initially at a point P , 1800 m away from the midpoint Q of 
the line MN and moves towards Q constantly at 60 km/hr 
along the perpendicular bisector of MN. It crosses Q and 
eventually reaches a point R, 1800 m away from Q. Let v(t) 
represent the beat frequency measured by a person sitting 
in the car at time t. Let Vp , Vp and Vp be the beat frequencies 
measured at locations P, Q and R, respectively. The speed 
of sound in air is 330 ms~!. Which of the following 
statement(s) is(are) true regarding the sound heard by the 
person? (JEE Adv. 2016) 
(a) VptVp=2v 
(b) Therate of change in beat frequency is maximum when 
the car passes through Q 
(c) The plot below represents schematically the variation 
of beat frequency with time 


v(t) 


(d) 


The plot below represents schematically the variation 
of beat frequency with time 


v(t) 


Subjective Problems 


AB is a cylinder of length 1m fitted with a thin flexible 
diaphragm C at the middle and other thin flexible diaphragms 
A and B at the ends. The portions AC and BC contain 
hydrogen and oxygen gases respectively. The diaphragms 
A and B are set into vibrations of same frequency. What is 
the minimum frequency of these vibrations for which 
diaphragm Cis anode? (Under the conditions of experiment 


YH, = 1100 m/s, Yo, =300 m/s). (1978) 


AY fig, 
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A copper wire is held at the two ends by rigid supports. At 
30°C, the wire is just taut, with negligible tension. Find the 
speed of transverse waves in this wire at 10°C. 


Given : Young modulus of copper = 1.3 x10!! N/m. 
Coefficient of linear expansion of copper = 1.7 x 10> °cc!: 
(1979) 


A tube of a certain diameter and of length 48 cm 1s open at 
both ends. Its fundamental frequency ofresonance is found 
to be 320 Hz. The velocity of sound in air is 320 m/sec. 
Estimate the diameter of the tube. (1980) 


One end of the tube is now closed. Calculate the lowest 
frequency of resonance for the tube. 


Density of copper = 9 x10? kg/m? 


A source of sound of frequency 256 Hz is moving rapidly 
towards wall with a velocity of 5 m/sec. How many beats 
per second will be heard if sound travels at a speed of 
330 m/sec? (1981 - 4 Marks) 


A string 25 cm long and having a mass of 2.5 gm is under 
tension. A pipe closed at one end is 40 cm long. When the 
string is set vibrating in its first overtone and the air in the 
pipe in its fundamental frequency, 8 beats per second are 
heard. It is observed that decreasing the tension in the string 
decreases beat frequency. If the speed of sound in air is 
320 m/s, find the tension in the string. (1982 - 7 Marks) 


A uniform rope of length 12 m and mass 6 kg hangs vertically 
from a rigid support. A block of mass 2 kg is attached to the 
free end of the rope. A transverse pulse of wavelength 0.06 
m is produced at the lower end of the rope. What is the 
wavelength of the pulse when it reaches the top of the rope? 

(1984 - 6 Marks) 
A steel wire of length 1 m, mass 0.1 kg and uniform 
cross-sectional area 10~° m* is rigidly fixed at both ends. 
The temperature of the wire is lowered by 20° C. If transverse 
waves are set up by plucking the string in the middle, 
calculate the frequency of the fundamental mode of 
vibration. 


Given for steel Y =2x10!! N/m? 


o, =1.21x10~> per °C (1984 - 6 Marks) 


8. 


10. 


11. 


12. 
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The vibrations of a string of length 60 cm fixed at both ends 
are represented by the equation— 


TUX 
y=4sin (=) cos (96 rt) 


Where x and y are in cm and fin seconds. 

(i) What is the maximum displacement ofa point at x = 5 
cm? 

(i) Where are the nodes located along the string? 


(1985 - 6 Marks) 


(iit) What is the velocity of the particle at x = 7.5 cm at 
t= 0.25 sec.? 
(iv) Write down the equations of the component waves 


whose superposition gives the above wave 
Two tuning forks with natural frequencies of 340 Hz each 
move relative to a stationary observer. One fork moves away 
from the observer, while the other moves towards him at the 
same speed. The observer hears beats of frequency 3 Hz. 
Find the speed of the tuning fork. (1986 - 8 Marks) 
The following equations represent transverse waves : 


Zz; = A cos (kx — wf); (1987 - 7 Marks) 


Z, = A cos (Ax+ QF); 23 = A cos (ky—- ot) 
Identify the combination (s) of the waves which will produce 
(1) standing wave (s), (11) a wave travelling in the directon 
making an angle of 45° degrees with the positive x and 
positive y axes. In each case, find the positions at which the 
resultant intensity is always zero. 
A train approaching a hill at a speed of 40 km/hr sounds a 
whistle of frequency 580 Hz when it is at a distance of 1 km 
from a hill. A wind with a speed of 40 km/hr is blowing in the 
direction of motion of the train Find (1988 - 5 Marks) 
(i) the Frequency of the whistle as heard by an observer 
on the hill, 
(ii) thedistance from the hill at which the echo from the hill 
is heard by the driver and its frequency. 
(Velocity of sound in air =1,200 km/hr) 
A source of sound is moving along a circular orbit of radius 
3 metres with an angular velocity of 10 rad/s. A sound 
detector located far away from the source is executing linear 
simple harmonic motion along the line BD with an amplitude 
BC = CD = 6 metres. The frequency of oscillation of the 


. 2 ; 
detector is 7 per second. The source is at the point A when 


the detector is at the point B. If the source emits a continous 
sound wave of frequency 340 Hz, find the maximum and the 
minimum frequencies recorded by the detector. 

(1990 - 7 Mark) 


— 6mn—i— 6m => 
= S ates eS Sr 
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14. 


15. 


16. 


17. 


18. 


The displacement of the medium in a sound wave is given 
by the equation y, =A cos (ax + bt) where A, a and bare 


positive constants. The wave is reflected by an obstacle 

situated at x = 0. The intensity of the reflected wave is 0.64 

times that of the incident wave. (1991 - 4x2 Marks) 

(a) What are the wavelength and frequency of incident 
wave? 

(b) Write the equation for the reflected wave. 

(c) In the resultant wave formed after reflection, find the 
maximum and minimum values of the particle speeds in 
the medium. 

(d) Express the resultant wave as a superposition of a 
standing wave and a travelling wave. What are the 
positions of the antinodes of the standing wave ? 
What is the direction of propagation of travelling wave? 

Two radio stations broadcast their programmes at the same 


amplitude A and at slightly different frequencies @, and 


@. respectively, where @,—@, =10°?HzA detector 
receives the signals from the two stations simultaneously. 


It can only detect signals of intensity > oy ae 
(1993 - 4 Marks) 

(1) Find the time interval between successive maxima of 

the intensity of the signal received by the detector. 
(ii) Find the time for which the detector remains idle in 

each cycle of the intensity of the signal. 
A whistle emitting a sound of frequency 440 Hz is tied toa 
string of 1.5m length and rotated with an angular velocity of 
20 rad s“! in the horizontal plane. Calculate the range of 
frequencies heard by an observer stationed at a large 
distance from the whistle. (1996 - 3 Marks) 
A band playing music at a frequency fis moving towards a 
wall at a speed v, . A motorist 1s following the band with a 
speed v_. If v is the speed of sound, obtain an expression 
for the beat frequency heard by the motorist. 

(1997 - 5 Marks) 

The air column in a pipe closed at one end is made to vibrate in 
its second overtone bya tuning fork of frequency 440 Hz. The 
speed of sound in air is 330 ms~!. End corrections may be 
neglected. Let P, denote the mean pressure at any point in the 
pipe, and AP, the maximum amplitude of pressure variation. 
(a) Findthe length LZ ofthe aircolumn. (1998 - 8 Marks) 
(b) What isthe amplitude of pressure variation at the middle 

of the column? 
(c) Whatare the maximum and minimum pressures at the 

open end of the pipe? 
(d) What are the maximum and minimum pressures at the 

closed end of the pipe? 
A long wire POR is made by joining two wires PQ and OR of 
equal radii PQ has length 4.8 m and mass 0.06 kg. OR has 
length 2.56 m and mass 0.2 kg. The wire POR 1s under a 
tension of 80 N. A sinusoidal wave-pulse of amplitude 3.5 
cm is sent along the wire PQ from the end P. No power is 
dissipated during the propagation of the wave-pulse. 
Calculate. (1999 - 10 Marks) 


19. 


20. 


21. 


ZZ. 
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(a) the time taken by the wave-pulse to reach the other 
end # of the wire, and 

(b) the amplitude of the reflected and transmitted 
wave-pulses after the incident wave-pulse crosses the 
joint QO. 

A 3.6 m long vertical pipe resonates with a source of 

frequency 212.5 Hz when water level is at certain height in 

the pipe. Find the height of water level (from the bottom of 
the pipe) at which resonance occurs. Neglect end correction. 

Now, the pipe is filled to a height H( ~ 3.6m). A small hole is 

drilled very close to its bottom and water is allowed to leak. 

Obtain an expression for the rate of fall of water level in the 

pipe as a function of H. Ifthe radii of the pipe and the hole 

are 2 x 10° mand 1 x 10° mrespectively, calculate the time 
interval between the occurance of first two resonances. 

Speed of sound in air is 340 m/s and g = 10 m/s?. 

(2000 - 10 Marks) 

A boat is traveling in a river with a speed 10 m/s along the 

stream flowing with a speed 2 m/s. From this boat, a sound 

transmitter is lowered into the river through a rigid support. 

The wavelength of the sound emitted from the transmitter 

inside the water is 14.45 mm. Assume that attenuation of 

sound in water and air is negligible. 

(a) What will be the frequency detected by a receiver kept 
inside the river downstream? 

(b) The transmitter and the receiver are now pulled up into 
air. The air is blowing with a speed 5 m/s in the direction 
opposite the river stream. Determine the frequency of 
the sound detected by the receiver. 

(Temperature of the air and water = 20°C; Density of river 

water = 10° kg/m?; 

Bulk modulus of the water = 2.088 x 10? Pa; Gas constant 

R=8.31 J/mol-K; 

Mean molecular mass of air = 28.8 x 10° kg/mol; C,/C,, for 

air= 1.4) (2001 - 10 Marks) 

Two narrow cylindrical pipes A and B have the same length. 

Pipe A is open at both ends and is filled with a monoatomic 

gas of molar mass M ,. Pipe B is open at one end and closed 

at the other end, and 1s filled with a diatomic gas of molar 
mass M,. Both gases are at the same temperature. 
(2002 - 5 Marks ) 

(a) If the frequency of the second harmonic of the 
fundamental mode in pipe A is equal to the frequency 
of the third harmonic of the fundamental mode in pipe 
B, determine the value of M ,/Mp. 

(b) Now the open end of pipe B is also closed (so that the 
pipe is closed at both ends). Find the ratio of the 
fundamental frequency in pipe A to that in pipe B. 

A tuning fork of frequency 480 Hz resonates with a tube 

closed at one end of length 16 cm and diameter 5 cm in 

fundamental mode. Calculate velocity of sound in air. 
(2003 - 2 Marks) 

A string tied between x = 0 and x= ¢ vibrates in fundamental 

mode. The amplitude A, tension J and mass per unit length 

iL 1s given. Find the total energy of the string. 

(2003 - 4 Marks) 


x=0 x= 
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25. A transverse harmonic disturbance 1s produced in a string. 

The maximum transverse velocity is 3 m/s and maximum 
transverse acceleration is 90 m/s. If the wave velocity is 20 
m/s then find the waveform. (2005 - 4 Marks) 


I, 


A whistling train approaches a junction. An observer 
standing at junction observes the frequency to be 2.2 KHz 
and 1.8 KHz of the approaching and the receding train 
respectively. Find the speed of the train (speed of sound = 
300 m/s) (2005 - 2 Marks) 


F Match the Following 


DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to 
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column- 
IT are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR 
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these 
questions have to be darkened as illustrated in the following example : 

If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 


bubbles will look like the given. 


Each of the properties of sound listed in the column A primarily depends on one of the quantities in column B. Write down the 
matching pairs from the two columns. (1980) 
Column A Column B 
A. pitch p. Waveform 
B. quality q. frequency 
C. loudness r intensity 
Column I shows four systems, each of the same length L, for producing standing waves. The lowest possible natural frequency 
of a system is called its fundamental frequency, whose wavelength is denoted as A. Match each system with statements given 
in Column II describing the nature and wavelength of the standing waves. (2011) 
Column I Column II 
(A) Pipe closed at one end | (p) Longitudinal waves 
O L 
(B) Pipe open at both ends 5 (q) Transverse waves 
L 
(C) Stretched wire clamped at both ends I (r) A-=L 
(D) Stretched wire clamped at both ends (s) A,=2L 
and at mid-point th) A,=4L 
p I t (t) A, 
" PASSAGE - 2 
G Comprehension Based Questions Two trains A and B moving with speeds 20 m/s and 30 m/s 


PASSAGE - 1 


Waves y, = Acos(0.5ax—100nt) andy, = Acos(0.46nx — 9271) 


are travelling along x-axis. (Here x is in m and tis in second) 


1. 


Find the number of times intensity is maximum 1n time interval 


of | sec. (2006 — 5M, —2) 
(a) 4 (b) 6 (c) 8 (d) 10 

The wave velocity of louder soundis (2006 —-— 5M, —2) 
(a) 100m/s (b) 192m/s 

(c) 200m/s (d) 96m/s 

The number of times y, + y, = 0 atx =0 in | sec is 

(a) 100 (b) 46 (2006 — 5M, -2) 
(c) 192 (d) 9% 


respectively in the same direction on the same straight track, with 
B ahead of A. The engines are at the front ends. The engine of 
train A blows a long whistle. 

Assume that the sound of the whistle is composed of components 
varying in frequency from f, = 800 Hz tof, = 1120 Hz, as shown in 
the figure. The spread in the frequency (highest frequency — 
lowest frequency) is thus 320 Hz. The speed of sound in still air is 
340 m/s. 


4. 


The speed of sound of the whistle is (2007) 
(a) 340 m/s for passengers in A and 310 m/s for passengers 
(b) 360 s for passengers in A and 310 m/s for passengers 
(c) 310m s for passengers in A and 360 m/s for passengers 
(d) a m/s for passengers in both the trains 
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Waves 
5. 


The distribution of the sound intensity of the whistle as 
observed by the passengers in train A is best represented 


by (2007) 
& 
@ 2 
fy Frequency 
b) 2 | | | | 
F f; Frequency 
() 2 | | | 
3 fy Frequency 
@ =} | | 


fy fy F requency 
The spread of frequency as observed by the passengers in 


train Bis (2007) 
(a) 310Hz (b) 330Hz 
(c) 350Hz (d) 290Hz 


Section-B 


Length of a string tied to two rigid supports is 40 cm. 
Maximum length (wavelength in cm) ofa stationary wave 
produced on it is [2002] 
(a) 20 (b) 80 (c) 40 (d) 120. 
Tube A has both ends open while tube B has one end closed, 
otherwise they are identical. The ratio of fundamental 
frequency of tube A and B is [2002] 
(a) 1:2 (b) 1:4 (ce) 2:1 (d) 4:1. 

A tuning fork arrangement (pair) produces 4 beats/sec with 
one fork of frequency 288 cps. A little wax is placed on the 
unknown fork and it then produces 2 beats/sec. The 
frequency of the unknown fork is [2002] 
(a) 286cps (b) 292cps (c) 294cps_ (d) 288 cps. 
A wave y = a sin(@t—kx) on a string meets with another 
wave producing a node at x = 0. Then the equation of the 
unknown wave 1s ]2002| 
(a) y=asin(@tt+kx) (b) y=-asin(@tt kx) 

(c) y=asin(@t—kx) (d) y=-asin( @t—kx) 

When temperature increases, the frequency of a tuning fork 
(a) increases (b) decreases ]2002| 
(c) remains same 

(d) increases or decreases depending on the material 
The displacement y of a wave travelling in the x -direction is 
given by 


y= 1074 in 600 —2x+ 4 metres 


I Integer Value Correct Type 


A 20 cm long string, having a mass of 1.0 g, 1s fixed at both 
the ends. The tension in the string is 0.5 N. The string 1s set 
into vibrations using an external vibrator of frequency 100 
Hz. Find the separation (in cm) between the successive 
nodes on the string. (2009) 
A stationary source is emitting sound at a fixed frequency 
fo, which is reflected by two cars approaching the source. 
The difference between the frequencies of sound reflected 
from the cars is 1.2% of fy. What is the difference in the 
speeds of the cars (in km per hour) to the nearest integer ? 
The cars are moving at constant speeds much smaller than 
the speed of sound which is 330 ms“!. (2010) 
When two progressive waves y, = 4 sin (2x — 6t) and 


y, = 3sin [2 x-6t- 7 are superimposed, the amplitude of 
2 


the resultant wave is (2010) 
Four harmonic waves of equal frequencies and equal 


mT 27 
373 
are superposed, the intensity of the resulting wave is nJ. 
The value of n is (JEE Ady. 2015) 


intensities /, have phase angles 0, and 7. When they 


where x is expressed in metres and t in seconds. The speed 
of the wave - motion, in ms"! , is [2003] 
(a) 300 (b) 600 (c) 1200 (d) 200 

A metal wire of linear mass density of 9.8 g/m is stretched 
with a tension of 10 kg-wt between two rigid supports 1 
metre apart. The wire passes at its middle point between the 
poles of a permanent magnet, and it vibrates in resonance 
when carrying an alternating current of frequency n. The 
frequency n of the alternating source is [2003] 
(a) 5S0Hz (b) 100Hz (c) 200Hz (d) 25Hz 

A tuning fork of known frequency 256 Hz makes 5 beats per 
second with the vibrating string of a piano. The beat 
frequency decreases to 2 beats per second when the tension 
in the piano string is slightly increased. The frequency of 
the piano string before increasing the tension was 

(a) 256+2Hz (b) 256-2 Hz [2003] 
(c) 256-5 Hz (d) 256+5 Hz 

The displacement y of a particle in a medium can be 
expressed as, 


y= 10° sin 10% + 20x + =) m where tis in second and x 


in meter. The speed of the wave is [2004] 
(a) 20m/s (b) 5m/s 
(c) 2000m/s (d) 5nxm/s 


10. 


11. 


i. 


13. 


14. 


15. 


16. 


17. 


18. 


When two tuning forks (fork 1 and fork 2) are sounded 
simultaneously, 4 beats per second are heard. Now, some 
tape is attached on the prong of the fork 2. When the 
tuning forks are sounded again, 6 beats per second are 
heard. If the frequency of fork 1 is 200 Hz, then what was 
the original frequency of fork 2? ]2005| 
(a) 202Hz (b) 200Hz (c) 204Hz (d) 196Hz 
An observer moves towards a stationary source of 
sound, with a velocity one-fifth of the velocity of sound. 
What is the percentage increase in the apparent 
frequency ? ]2005] 
(a) 0.5% (b) zero (c) 20% (d) 5% 

A whistle producing sound waves of frequencies 9500 HZ 
and above is approaching a stationary person with speed v 
ms~!. The velocity of sound in air is 300 ms7!. If the person 
can hear frequencies upto a maximum of 10,000 HZ, the 
maximum value of v upto which he can hear whistle is 


15 = 
(a) 15/2 ms?! (b) yn ms"! ]2006| 
(c) 15 ms! (d) 30ms_ 


A string is stretched between fixed points separated by 75.0 
cm. It is observed to have resonant frequencies of 420 Hz 
and 315 Hz. There are no other resonant frequencies between 
these two. Then, the lowest resonant frequency for this 
string 1S ]2006| 
(a) 105Hz (b) 1.05Hz (c) 1050Hz (d) 10.5Hz 
A sound absorber attenuates the sound level by 20 dB. The 
intensity decreases by a factor of ]2007| 
(a) 100 (b) 1000 (c) 10000 (d) 10 

While measuring the speed of sound by performing a 
resonance column experiment, a student gets the first 
resonance condition at a column length of 18 cm during 
winter. Repeating the same experiment during summer, she 
measures the column length to be x cm for the second 


resonance. Then ]2008] 
(a) 18>x (b) x >54 
(c) 54>x>36 (d) 36>x>18 


A wave travelling along the x-axis is described by the 
equation y(x, t)=0.005 cos (a x— Bt). Ifthe wavelength and 
the time period of the wave are 0.08 m and 2.0s, respectively, 
then o and B in appropriate units are ]2008] 


0.08 , 2.0 
(a) a=25.00n,B=n (b) a=——,B=—— 


0.04 1.0 Tt 
(c) a mS) 7 (d) a=12.507,8 50 
Three sound waves of equal amplitudes have frequencies 
(v—1), v,(v+ 1). They superpose to give beats. The number 
of beats produced per second will be : ]2009| 
(a) 3 (b) 2 (c) | (d) 4 
A motor cycle starts from rest and accelerates along a straight 
path at 2m/s?. At the starting point of the motor cycle there 
is a Stationary electric siren. How far has the motor cycle 
gone when the driver hears the frequency of the siren at 
94% of its value when the motor cycle was at rest? (Speed 
of sound = 330 ms~!) ]2009| 
(a) 98m (b) 147m (c) 196m (d) 49m 


20. 


ZA. 


22: 


Z3. 


24. 


25. 


26. 
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The equation of a wave on a string of linear mass density 
0.04 kg m7! is given by 


( x) 
=0.02(m) sin| 27 — 
A 0.04(s) 0.50(my) 
The tension in the string is [2010] 


(a) 4.0N (b) 125N (c) OSN (d) 6.25N 
The transverse displacement y (x, t) of a wave on a string is 


-{ax? +bt7+2 ab)xt] 


given by (x,t) =e . This represents a: 


[2011] 
(a) wave moving in — x direction with speed fe 


(b) standing wave of frequency ./p 


| 
(c) standing wave of frequency ae 


(d) wave moving in + x direction speed |e 


A cylindrical tube, open at both ends, has a fundamental 
frequency, f, in air. The tube is dipped vertically in water so 
that half of itis in water. The fundamental frequency of the 
air-column 1s now: ]2012] 
(a) f (b) f2 (c) 3/4 (d) 24 
A sonometer wire of length 1.5 m is made of steel. The tension 
in it produces an elastic strain of 1%. What is the fundamental 
frequency of steel if density and elasticity of steel are 
7.7 x 103 kg/m? and 2.2 x 10!! N/m? respectively ? 
| JEE-Main 2013] 
(a) 188.5Hz (b) 178.2Hz 
(c) 200.5 Hz (d) 770Hz 
A pipe of length 85 cm 1s closed from one end. Find the number 
of possible natural oscillations of air column in the pipe whose 
frequencies lie below 1250 Hz. The velocity of sound in air is 
340 m/s. [JEE Main 2014] 
(a) 12 (b) 8 (c) 6 (d) 4 
A train is moving on a straight track with speed 20 ms“!. It is 
blowing its whistle at the frequency of 1000 Hz. The 
percentage change in the frequency heard by a person 
standing near the track as the train passes him is (speed of 
sound = 320 ms7!) close to: ]|JEE Main 2015] 
(a) 18% (b) 24% (c) 6% (d) 12% 
A uniform string of length 20 m is suspended from a rigid 
support. A short wave pulse is introduced at its lowest end. 
It starts moving up the string. The time taken to reach the 
supports is : ]JEE Main 2016] 
(take g = 10 ms~*) 
(a) 22s (b) V2s © 2nv2s (dd) 2s 
A pipe open at both ends has a fundamental frequency fin 


air. The pipe is dipped vertically in water so that half of it is 
in water. The fundamental frequency of the air column is 


now: |JEE Main 2016] 
(a) 2f (b) f 

f » 2 
() 5 @ 5 
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Electrostatics 


Section-A 


Fill inthe Blanks 


Five identical capacitor plates, 
each of area A, are arranged 
such that adjacent plates are 
at a distance d apart, the plates 
are connected to a source of 
emf V as shown in the figure 
(1984- 2 Marks) 
The charge on plate 1 is ..... and on plate 4 1s ..... 
Figure shows line of constant 
potential in a region in which an 
electric field is present. The values 
of the potential are written in 
brackets. Of the points A, B and C, 
the magnitude of the electric field is 
greatest at the point ... ANDEAN 
(1984- 2 Marks) 
Two small balls having equal positive charges Q (coulomb) 
on each are suspended by two insulating strings of equal 
length L (metre) from a hook fixed to a stand. The whole set 
up is taken in a satellite into space where there is no gravity 
(state of weightlessness). The angle between the two strings 
TS teaisessess and the tension in each string Is ........ newtons. 
(1986 - 2 Marks) 
Two parallel plate capacitors of capacitances C and 2C are 
connected in parallel and charged to a potential difference 
V. The battery is then disconnected and the region between 
the plates of the capacitor C is completely filled with a 
material of dielectric constant K. The potential differences 
across the capacitors now becomes............. (1988 - 2 Marks) 
A point charge g moves from point 
P to point S along the path PORS 
(fig.) in a uniform electric field E 
pointing parallel to the positive —+——_————_> 


direction of the X-axis. The t+ 


P 
cooridnates of the points P, O, Rand ~s ss ~& X 
S are (a, b, O), (2a, O, O) (a, — b, O) E 
and (O, O,O) respectively. The work _____"[{__ 


done by the field in the above 
process 1s given by the expression 


1f27 31495 


Y 
1 
| 
I 


(1989 - 2 Marks) 


_" 
e 


B True/False 


JEE @dvanced/ IIT-JEE 


6. 


The electric potential V at any point x, y, z (all in metres) in 
space is given by V= 4x? volts. The electric field at the point 
(1m, 0,2 m)is .......0... V/m. (1992 - 1 Mark) 
Five point charges, each of value + g 
coul, are placed on five vertices of a 
regular hexagon of side L metres. The 
magnitude of the force on the point 
charge of value — q coul. placed at the 
centre of the hexagen Is .................... 
newton. (1992-1 Mark) 


The work done in carrying a point charge from one point to 
another in an electrostatic field depends on the path along 
which the point charge is carried. (1981-2 Marks) 


Two identical metallic spheres of exactly equal masses are 
taken. One is given a positive charge Q coulombs and the 
other an equal negative charge. Their masses after charging 
are different. (1983 - 2 Marks) 


A small metal ball 1s suspended in a uniform electric field 
with the help of an insulated thread. If high energy X-ray 
beam falls on the ball, the ball will be deflected in the direction 
of the field. (1983 - 2 Marks) 


Two protons A and B are placed in 
between the two plates ofa parallel 
plate capacitor charged to a 
potential difference V as shown in 
the figure. The forces on the two 
protons are identical. 


(1986 - 3 Marks) 


+teettettter+et 
Oo 
w 


A ring ofradius R carries a uniformly distributed charge + Q. 
A point charge — q is placed on the axis of the ring at a 
distance 2R from the centre of the ring and released from 
rest. The particle executes a simple harmonic motion along 
the axis of the ring. (1988 - 2 Marks) 


An electric line of forces in the x — y plane is given by the 
equation x* + y* = 1. A particle with unit positive charge, 
initially at rest at the point x = 1, y=01n thex—y plane, will 
move along the circular line of force. (1988 - 2 Marks) 
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MCQs with One Correct Answer 


A hollow metal sphere of radius 5 cms is charged such that 
the potential on its surface is 10 volts. The potential at the 
centre of the sphere is (1983 - I Mark) 
(a) zero 
(b) 10 volts 
(c) sameas ata point 5 cms away from the surface 
(d) sameas ata point 25 cms away from the surface 
Two point charges +g and —q are held fixed at (-d, 0) and 
(d, 0) respectively of a x-y coordinate system. Then (1995S) 
(a) The electric field £ at all points on the x-axis has the 
same direction 
(b) Electric field at all points on y-axis is along x-axis 
(c) Work has to be done in bringing a test charge from 
to the origin 

(d) Thedipole moment is 2gd along the x-axis 
A parallel plate capacitor of capacitance Cis connected to a 
battery and is charged to a potential difference V. Another 
capacitor of capacitance 2C is similarly charged to a potential 
difference 2V. The charging battery is now disconnected 
and the capacitors are connected in parallel to each other in 
such a way that the positive terminal of one is connected to 
the negative terminal of the other. The final energy of the 
configuration 1s (1995S) 
25 
(b) =cv* @) 
Two identical metal plates are given positive charges Q 
and Q, (<Q,) respectively. If they are now brought close 
together to form a parallel plate capacitor with capacitance 
C, the potential difference between them is 

(1999 - 2 Marks) 
@) (Q+0,V20) (b) (Q,+0,)/C 
() (O,-9,)/C (d) (0-9) 120) 
For the circuit shown in Figure, which of the following 
statements is true? (1999 - 2 Marks) 


3 9 
(a) zero a (c) sev" 


V,=30V V,=20V 
4p +> jp 
C, = 2pF C,= 3pF 


(a) With S, closed Vi=15 V, V,=20V 
(b) With S, closed, V,= V,= 35V 


(c) With S, and S, sis V, =), =0 
(d) With S, and S, closed, Vj = 30V, Vy =20V 
Three charges Q, +g and +q are placed at the vertices of a 


right-angled isosceles triangle as shown. The net 
electrostatic energy of the configuration is zero if 0 is equal 


to (2000S) 
-q 

(a) 142 
—2q 

() 549 ' ; 

(c) -2¢ <>" 


(d) +q 


Ve 


10. 


11. 


A parallel plate capacitor of area A, plate separation d and 
capacitance C is filled with three different dielectric materials 
having dielectric constants k,, k, and k, as shown. Ifa 
single dielectric material is to be used to have the same 
capacitance C in this capacitor, then its dielectric constant 
k is given by (2000S ) 


A/2 


K kK, Ky, 2K; K K,+K, 2K; 
K 
(c) K=—! + 2K; (d) K=K,+K,+2K, 
1+ Ko 


Three positive charges of equal value q are placed at the 
vertices of an equilateral triangle. The resulting lines of force 


should be sketched as in (2001S) 
a ~— ee eA 
Ef PVN = A. 
V/ 2— SS IN "We _ 
a QF (b) ai \ \/ A 
Se VA . 
as os a / } | | 1s 
ANN SY (( @) \\| 
Xo \/_ ) | } 
SOE mito 
Sag \\\ 4) ((e))(o)) 
II CARY 


Consider the situation shown in the figure. The capacitor A 
has a charge g on it whereas B is uncharged. The charge 
appearing on the capacitor B a long time after the switch is 


closed is (2001S) 

q 

+ 

+ 

+ 

ee 

ig S 

+ 

+ 

A B 
(a) zero (b) @/2 
(c) q (d) 2q 


A uniform electric field pointing in positive x-direction exists 
in aregion. Let A be the origin, B be the point on the x-axis 
at x =+1 cm and C be the point on the y-axis at y=+1 cm. 
Then the potentials at the points A, B and C satisfy: 
(2001S) 
(a) V,<V, (b) V,>V;, 
(c) V,<Ve (d) V,>Vo 
Two equal point charges are fixed atx =— a andx=+aon 
the x-axis. Another point charge Q 1s placed at the origin. 
The change in the electrical potential energy of Q, when it is 
displaced by a small distance x along the x-axis, is 


approximately proportional to (2002S) 
(a) x (b) x? 
(c) x? (d) 1x 
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12. 


13. 


14. 


15. 


16. 


Two identical capacitors, have the same capacitance C. One 
of them is charged to potential V, and the other V,. The 
negative ends of the capacitors are connected together. 
When the positive ends are also connected, the decrease in 


energy of the combined system is (2002S) 
Pe ee: L Age we 

@ 3¢(W -¥7] o) 3C(W +2} 
l 2 1 2 

@ 4C(h -r) @ 7C(K +h} 


A metallic shell has a point charge ‘q’ kept inside its cavity. 
Which one of the following diagrams correctly represents 


the electric lines of forces? (2003S) 
(a) iS (b) 1 

(©) 2) (d) 

Six charges of equal magnitude, 3 positive and 3 negative 
are to be placed on PORSTU corners of a regular hexagon, 
such that field at the centre is double that of what it would 


have been if only one +ve charge 1s placed at R. Which of 
the following arrangement of charge is possible for P, Q, R, 


S, T and U respectively. (2004S) 
PQ 
T S 


(a) ig nee (b) or a LE = 
(Ct ae OQ a 
A Gaussian surface in the figure is shown by dotted line. 


The electric field on the surface will be (2004S) 
(a) due to q, and q, only oe 

(b) due to q, only i a dp 

(c) zero , a, 7 


“ 
os a” 
*aena* 


(d) due to all 
Three infinitely long charge sheets are placed as shown in 


figure. The electric field at point Pis (2005S) 
4Z 
a a 
a, 
‘e__t _7., 
beeeeeeees re 
“2 Z=-a 
20 * 4o - Or : 
—k —k ——k —-—k 
Oo7” © 2 ©-2° @= 


17. 


So. 
® 


19. 


20. 


yA B 


A long, hollow conducting cylinder is kept coaxially inside 

another long, hollow conducting cylinder of larger radius. 

Both the cylinders are initially electricallyneutral. (2007) 

(a) A potential difference appears between the two 
cylinders when a charge density is given to the inner 
cylinder. 

(b) A potential difference appears between the two 
cylinders when a charge density is given to the outer 
cylinder. 

(c) No potential difference appears between the two 
cylinders when a uniform line charge is kept along the 
axis of the cylinders 

(d) No potential difference appears between the two 
cylinders when same charge density is given to both 
the cylinders. 

Consider a neutral conducting sphere. A positive point 

charge is placed outside the sphere. The net charge on the 

sphere is then (2007) 

(a) negative and distributed uniformly over the surface of 
the sphere 

(b) negative and appears only at the point on the sphere 
closest to the point charge 

(c) negative and distributed non-uniformly over the entire 
surface of the sphere 

(d) zero 

A spherical portion has been removed from a solid sphere 

having a charge distributed uniformly in its volume as shown 

in the figure. The electric field inside the emptied space is 

(2007) 


(a) zero everywhere 
(b) non-zero and uniform 


(c) non-uniform 


(d) zero only at its center 
Positive and negative point charges of equal magnitude are 
a 


kept at (0.0, z) and (0,0,=4) respectively. The work 


done by the electric field when another positive point charge 

is moved from (—a, 0, 0) to (0, a, 0) is (2007) 

(a) positive 

(b) negative 

(c) zero 

(d) depends on the path connecting the initial and final 
positions 

Consider a system of three charges g/3, g/3 and —2q/3 placed 

at points A, B and C, respectively, as shown in the figure. 


Take O to be the centre of the circle of radius R and angle 
CAB=60° (2008) 
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22. 


23. 


24. 


25. 


The electric field at point O is directed along 
— 
the negative x-axis 
(b) The potential energy of the system is zero 


(c) The magnitude of the force between the charges at C 


2 
and B is —? 
54n&)R? 
(d) The potential at point O is d 
l2me)R 


A parallel plate capacitor C with plates of unit area and 
separation d is filled with a liquid of dielectric constant 

K =2. The level of liquid is @/3 initially. Suppose the liquid 
level decreases at a constant speed v, the time constant as a 


function of time t is — (2008) 
R 
(a) 6€o 
Sd +3vt 
(lI5d+9vt) ER 
(b) 2 oy) 
2d° —3dvt —9v't at 
6&R 
(©) Sd —3vt 
15d —9vt) &)R 
(a) ( ) Eo 


2d? —3dvt —9vt? 

Three concentric metallic spherical shells ofradii R, 2R, 3R, 
are given charges Q,, Q,, Q3, respectively. It is found that 
the surface charge densities on the outer surfaces of the 
shells are equal. Then, the ratio of the charges given to the 


Shells, Q, : Q, : Q3, 1s (2009) 
(a) 1:2:3 (b) 1:3:5 
(c) 1:4:9 (d) 1:8:18 


A disc of radius a / 4 having a uniformly distributed charge 
6C is placed in the x - y plane with its centre at (—a /2, 0, 0). 
A rod of length a carrying a uniformly distributed charge 8C 
is placed on the x - axis from x = a /4 tox=5a/4. Two point 
charges — 7 C and 3 C are placed at (a / 4, — a /4, 0) and 
(— 3a /4, 3a/4, 0), respectively. Consider a cubical surface 


formed by six surfaces x= +ta/2, y= ta/2,z= +a/2.The 


electric flux through this cubical surface is (2009) 
. Jy 
Bo 
—2C 10C 12C 
a) — (6%) ~ © —_ @ — 


A finifonnly charged thin spherical shell of radius Re carries 
uniform surface charge density of o per unit area. It is made 
of two hemispherical shells, held together by pressing them 
with force F (see figure). Fis proportional to (2010) 


F F 


26. 


27. 


28. 


29. 


30. 


l o* °° 
— oR? —o ?R — —. 
@ Zo © ©O oR @) — a 
A tiny spherical oil oe carrying a net charge q is balanced 
in still air with a vertical uniform electric field of strength 
8lzr 
* x10° Vm“. When the field is switched off, the drop 


is observed to fall with terminal velocity 2 x 10-?>ms~!. Given 


g=98m sg? viscosity of the air = 1.8 x 10> Ns m~ and 


the density of oil=900kg m™, the magnitudeofqis (2010) 
(a) 16x107°C (b) 32x1071°C 
(c) 48x101°C (d) g0x107%C 


Consider an electric field E = Eox where E, is a constant. 
The flux through the shaded area (as shown in the figure) 
due to this field is Z (2011) 
(a) 26,4, 


(a,0,a) 
(b) V2Ega? 
(c) E,a’ 
2 
(d) = : (0,0,0) (040) 7° 


A 2 uF capacitor 1s charged as shown in the figure. The 
percentage of its stored energy dissipated after the switch 
S 1s turned to position 2 is 1 2 (2011) 
(a) O% | y S 

(b) 20% 

(c) 75% 
(d) 80% 
Which of the field patterns given below is valid for electric 
field as well as for magnetic field? (2011) 

Nl 


NZ NY 


"2 AR 


2uF] 8urF 


(d) 


A wooden block performs SHM on a frictionless surface 
with frequency, v,. The block carries a charge +Q on its 


surface. Ifnow a uniform electric field E is switched-on as 
shown, then the SHM of the block will be (2011) 


(a) ofthesame frequency and with shifted mean position. 
(b) ofthe same frequency and with the same mean position 
(c) ofchanged frequency and with shifted mean position. 
(d) of changed frequency and with the same mean position. 
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32. 


33. 


34. 


Two large vertical and parallel metal plates having a 
separation of 1 cm are connected to a DC voltage source of 
potential difference X. A proton is released at rest midway 
between the two plates. It is found to move at 45° to the 
vertical JUST after release. Then_X is nearly 

(a) 1x10° V (b) 1x107 V 

(c) 1x10° V (d) 1x10 1° v 
Consider a thin spherical shell of radius R with centre at the 
origin, carrying uniform positive surface charge 
density. The variation of the magnitude of the electric field 


(2012) 


E (r) and the electric potential V(r) with the distance r from 
the centre, 1s best represented by which graph? (2012) 


| 0) Vo) 


(c) 


(d) 


O R r 
In the given circuit, a charge of +80 WC is given to the upper 
plate of the 4 tPF capacitor. Then in the steady state, the charge 


on the upper plate of the 3 uF capacitor is (2012) 


(a) +32pC in NG 
4uF 
(b) +40uC 
2uF SELF 
(c) +48 uC 
(d) +80yC = 


Charges Q, 2Q and 4Q are uniformly distributed in three 
dielectric solid spheres 1, 2 and 3 of radii R/2, R and 2R 
respectively, as shown in figure. Ifmagnitude of the electric 
fields at point P at a distance R from the centre of sphere 1, 2 
and 3 are E,, E, and E, respectively, then (JEE Adv. 2014) 


P 
P 
R 
O 2e 
R/2 


peas Sphere 2 


I; 


1» MCQs with One or More than One Correct 


Sphere 3 
(b) £3>£,>E£, 
(d) £,>E,>E, 


(a) E,>E,>E; 
(c) E,>E,>E, 


Two equal negative charges —q are fixed at points (0, — a) 

and (0, a) on y— axis. A positive charge Q 1s released from 

rest at the point (2a, 0) on the x - axis. The charge Q will 
(1984- 2 Marks) 

(a) execute simple harmonic motion about the origin 

(b) move to the origin remain at rest 

(c) move to infinity 

(d) execute oscillatory but not simple harmonic motion 

A parallel plate air capacitor is connected to a battery. The 

quantities charge, voltage, electric field and energy 

associated with this capacitor are given by Q), V), E, and 

U, respectively. A dielectric slab is now introduced to fill 

the space between the plates with battery still in connection. 

The corresponding quantities now given by Q, V, E and U 

are related to the previous one as (1985 - 2 Marks) 


(a) O>Q (b) V>VY 
(c) E> Eo (d) U>vuU 0 
A charge g 1s placed at the centre of the line joining two 


equal charges Q. The system of the three charges will be in 
equilibrium if gq is equal to: (1987 - 2 Marks) 


Q 
d = 
(d) + 3 
A parallel plate capacitor is charged and the charging battery 
is then disconnected. Ifthe plates of the capacitor are moved 
farther apart by means of insulating handles : 

(1987 - 2 Marks) 
(a) the charge on the capacitor increases. 
(b) the voltage across the plates increases. 
(c) the capacitance increases. 
(d) the electrostatic energy stored in the capacitor increases 
A solid conducting sphere having a charge Q is surrounded 
by an uncharged concentric conducting hollow spherical 
shell. Let the potential difference between the surface of the 
solid sphere and that of the outer surface of the hollow shell 
be V. If the shell is now given a charge of — 3Q, the new 
potential difference between the same two surfaces 1s : 
(1989 - 2 Marks) 


@ £2 ow £ © 4 
Z 4 4 


(a) V 
(c) 4V 


(b) 2V 
(d) —2V 


10. 


Seven capacitors each of capacitance 2uF’ are to be 
connected in a configuration to obtain an effective 


10 
capacitance of (3) LF’ . Which ofthe combination (s) shown 
in figure will achieve the desired result? (1990-2 Marks) 


“Oe 


©) oe (@) <p 


A parallel plate capacitor of plate area A and plate separation 
dis charged to potential difference V and then the battery is 
disconnected. A slab of dielectric constant K is then inserted 
between the plates of the capacitor so as to fill the space 
between the plates. If O, EF and W denote respectively, the 
magnitude of charge on each plate, the electric field between 
the plates (after the slab is inserted), and work done on the 
system, in question, in the process of inserting the slab, 


then (1991 - 2 Marks) 
@) Q= 0 b) Q= S0KAY 
d 
_ - _ AV" [1 
) BG aay, ed 


Two identical thin rings, each ofradius R metres, are coaxially 
placed a distance R metres apart. If Q, coulomb, and Q, 

coulomb, are respectively the charges uniformly spread on 
the two rings, the work done in moving a charge g from the 
centre of one ring to that of the other is (1992 - 2 Marks) 


(a) zero (b) (Qi -Q) (V2 -1) 


(4/2me9R) 

qN2(Q, +) q(Q\ +») (V2 +1) 

(c) (d) teieeeesem 
(4né9R) (4/2ne9R) 


The magnitude ofelectric field E in the annular region of 

a charged cylindrical capacitor. (1996 - 2 Marks) 

(a) is same throughout 

(b) is higher near the outer cylinder than near the inner 

cylinder 

(c) variesas 1/r, where r is the distance from axis 

(d) varies as 1/r* wherer is the distance from the axis. 

A metallic solid sphere is placed in a uniform electric fied. 

The lines of force follow the path(s) shown in Figure as 
(1996 - 2 Marks) 


1 1 


2 2 
2 3 
4 4 
(a) 1 (b) 2 
(c) 3 (d) 4 


11. 


12. 


13. 


14. 


15. 


Topic-wise Solved Papers - PHYSICS 


A dielectric slab of thickness d 1s inserted in a parallel plate 
capacitor whose negative plate is at x = 0 and positive plate 
is at x = 3d. The slab is equidistant from the plates. The 
capacitor 1s given some charge. As one goes from 0 to 3d, 
(a) the magnitude of the electric field remains the same. 
(b) the direction of the electric field remains the same. 
(c) the electric potential increases continuously. 
(d) the electric potential increases at first, then decreases 
and again increases. (1998S - 2 Marks) 
A charge +q is fixed at each of the points x= x,, x = 3x), 
x = 5x,,..... x= 00 on the x axis, and a charge —g 1s fixed at 
each of the points x= 2X, X =4Xy, X = OX),.... X= 00. Herex, 
is a positive constant. Take the electric potential at a point 
due to a charge Q at a distance r from it to be O/(47€,r). 
Then, the potential at the origin due to the above system of 


charges 1s (1998S - 2 Marks) 
a 
“se (b) 8TEQ Xo In2 
qln2 
(c) - ( d) ATED XO 


A positively charged thin metal ring of radius R 1s fixed in 

the xy plane with its centre at the origin O. A negatively 

charged particle P is released from rest at the point (0, 0, z,) 

where z,> 0. Then the motion of Pis (1998S - 2 Marks) 

(a) periodic, for all values of z, satisfying 0 <z, <0 

(b) simple harmonic, for all values ofz, satisfying 0 <z,)<R 

(c) approximately simple harmonic, provided z,<<R 

(d) such that P crosses O and continues to move along 
the negative z axis towards Z=—© 

A non-conducting solid sphere of radius R is uniformly 

charged. The magnitude of the electric field due to the sphere 

at a distance r from its centre (1998S - 2 Marks) 

(a) increases as r increases, for r< R. 

(b) decreases as r increases, for 0<r<o. 

(c) decreases as r increases, for R<r< oo, 

(d) is discontinuous at r= R. 

An ellipsoidal cavity is carved within a perfect conductor. A 

positive charge q is placed at the centre of the cavity. The 

points A and B are on the cavity surface as shown in the 

figure. Then (1999S - 3 Marks) 


/ 


(a) electric field near A in the cavity= electric field near B 
in the cavity 

(b) charge density at A = charge density at B 

(c) potential at A = potential at B 

(d) total electric field flux through the surface of the cavity 
is q/E, 
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16. Aspherical symmetric charge system is centered at origin. 


17. 


18. 


19. 


20. 


Given, Electric potential (2006S - 5 Marks) 


y-_2 (r< Ro), fa 2 (r > Ro) 


7 Atte Ro AnEégr 


V 


r 


(a) Within r= OR, total enclosed net charge is O 

(b) Electric field is discontinued at r= R, 

(c) Charge is only present at r= R) 

(d) Electrostatic energy is zero for r< R, 

Under the influence of the Coulomb field of charge + Q, a 
charge -—g 1s moving around it in an elliptical orbit. Find out 
the correct statement(s). (2009) 
(a) The angular momentum of the charge — gq is constant 
(b) The linear momentum ofthe charge -— gq 1s constant 
(c) The angular velocity of the charge —g is constant 

(d) The linear speed of the charge —g is constant 

A few electric field lines for a system of two charges Q, and 
Q, fixed at two different points on the x-axis are shown in 
the figure. These lines suggest that (2010) 


d, dO, 


(a) IQ, | = IQ, | 

(b) |0,<|Q, 

(c) ata finite distance to the left of Q, the electric field is 
Zero 

(d) ata finite distance to the right of Q, the electric field is 
Zero 

A spherical metal shell A of radius R, and a solid metal 

sphere B of radius R,(<R,) are kept far apart and each is 

given charge ‘+Q’. Now they are connected by a thin metal 

wire. Then (2011) 


(a) Sy ila —() 


() T4=-8 
Op Ry 
Which of the following statement(s) is/are correct? (2011) 
(a) Ifthe electric field due to a point charge varies as r-?> 
instead of r-’, then the Gauss law will still be valid. 
(b) The Gauss law can be used to calculate the field 
distribution around an electric dipole. 
(c) Ifthe electric field between two point charges 1s zero 
somewhere, then the sign of the two charges is the same. 
(d) The work done by the external force in moving a 
unit positive charge from point A at potential V, 
to point B at potential V,, is (V,— V,). 


(b) Q,>Q, 
(d) Eo surface 2 Eon surface 


pA e 


ZZ. 


23; 


A cubical region of side a has its centre at the origin. 
It encloses three fixed point charges, —gq at (0, —a/4, 0), +3q 
at (0, 0, 0) and —g at (0, +a/4, 0). Choose the correct options(s) 


(2012) 
at 


ae 


(a) The net electric flux crossing the plane x = +a/2 
is equal to the net electric flux crossing the plane 
x=-a/l2 

(b) Thenet electric flux crossing the plane y = +a/2 is more 
than the net electric flux crossing the plane 
y=—a/2. 


(c) Thenet electric flux crossing the entire region 1s £9 


(d) Thenet electric flux crossing the plane z = +a/2 1s equal 
to the net electric flux crossing the plane x = +a/2. 

Six point charges are kept at the vertices ofa regular hexagon 

of side L and centre O, as shown in the figure. Given that 


K= z — which of the following statement(s) is (are) 
ATEQ L 
correct? (2012) 
+4, 
A : 
+2q 


(a) Theelectric field at O is 6K along OD 

(b) The potential at O is zero 

(c) The potential at all points on the line PR is same 

(d) The potential at all points on the line ST is same 

Two non-conducting solid spheres of radii R and 2R, having 
uniform volume charge densities p, and p, respectively, 
touch each other. The net electric field at a distance 2R from 
the centre of the smaller sphere, along the line joining the 


centres of the spheres, is zero. The ratio PL can be 
P2 


(JEE Adv. 2013) 


32 
(a) —4 (b 55 
32 
(c) 35 (d) 4 


24. 


25. 


26. 


ZT. 


In the circuit shown in the figure, there are two parallel plate 
capacitors each of capacitance C. The switch S, is pressed 
first to fully charge the capacitor C, and then released. The 
switch S, is then pressed to charge the capacitor C,. After 
some time, S, is released and then S, is pressed. After some 
time (JEE Ady. 2013) 


2V, 


(a) The charge on the upper plate of C, 1s 2CV, 

(b) The charge on the upper plate of C, is CV, 

(c) The charge on the upper plate of C, is 0 

(d) The charge on the upper plate of C, is-—CV, 

Two non-conducting spheres of radii R, and R, and carrying 
uniform volume charge densities +p and —p, respectively, 
are placed such that they partially overlap, as shown in the 
figure. At all points in the overlapping region 


(JEE Adv. 2013) 

The electrostatic field 1s zero 
The electrostatic potential is constant 

(c) The electrostatic field is constant in magnitude 

(d) The electrostatic field has same direction 
Let E, (r), £,(r) and E;(r) be the respective electric field at a 
distance r from a point charge Q, an infinitely long wire with 
constant linear charge density 4, and an infinite plane with 
uniform surface charge density o. If FE, (79) = E4(79) = E3(79) 
at a given distance rp, then (JEE Ady. 2014) 


(a) 
(b) 


(a) Q=4on 

(b) %= = 

(c) E,(%/2)=2Ey(%m/2) 
(d) Ey (%/2)= 483 (7/2) 


A parallel plate capacitor has a dielectric slab of dielectric 
constant K between its plates that covers 1/3 of the area of 
its plates, as shown in the figure. The total capacitance of 
the capacitor is C while that of the portion with dielectric in 
between is C,. When the capacitor is charged, the plate area 
covered by the dielectric gets charge Q, and the rest of the 
area gets charge Q,. The electric field in the dielectric is E, 
and that in the other portion is £,. Choose the correct option/ 
options, ignoring edge effects. (JEE Ady. 2014) 


28. 


29. 
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— 


EX, 1 secanse 
0) E7K 

GO _3 
(Cc) QO «K O, 

C 24+K : 
(d) c. K 


The figures below depict two situations in which two infinitely 
long static line charges of constant positive line charge 
density A are kept parallel to each other. In their resulting 
electric field, point charges q and —q are kept in equilibrium 
between them. The point charges are confined to move in 
the x direction only. If they are given a small displacement 
about their equilibrium positions, then the correct 
statement(s) 1s(are) (JEE Ady. 2015) 


A r Xr Xr 
cuvsncadl ivevensoedneevens Fe Se sa es See eet J 
Tq ~| 

(a) Both charges execute simple harmonic motion 

(b) Both charges will continue moving in the direction of 
their displacement 

(c) Charge +q executes simple harmonic motion while 
charge —q continues moving in the direction of its 
displacement 

(d) Charge —q executes simple harmonic motion while 


charge +q continues moving in the direction of its 
displacement 
Consider a uniform spherical charge distribution of radius 
R, centred at the origin O. In this distribution, a spherical 
cavity of radius R,, centred at P with distance OP = a 
= R, —R, (see figure) is made. If the electric field inside the 


cavity at position 7. is E(r), then the correct statement(s) is 


(are) (JEE Ady. 2015) 

(a) £ isuniform, its magnitude is independent of R, but 
its direction depends on ; 

(b) E is uniform, its magnitude depends on R, and its 
direction depends on ; 

(c) £ is uniform, its magnitude is independent of a but its 
direction depends on g 

(d) E is uniform and both its magnitude and direction 


depend on g 
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30. A parallel plate capacitor having plates of area S and plate 


separation d, has capacitance C; in air. When two dielectrics 
of different relative primitivities (¢, = 2 and ¢, = 4) are 
introduced between the two plates as shown in the figure, 
; : a 
the capacitance becomes C,. The ratio Cc, 3s 
1 


(JEE Adv. 2015) 


(a) 6/5 
(c) 7/5 


Subjective Problems 


Three charges each of value g, are placed at the corners of 

an equilateral triangle. A fourth charge Q is placed at the 

centre of the triangle. (1978) 

(i) IfQ=-—g, will the charges at the corners move towards 
centre or fly away from it. 

(1) For what value of Q will the charges remain stationary? 
In this situation how much work is done in removing 
the charges to infinity? 

A rigid insulated wire frame, in A 

the form of right triangle ABC is Ba 

set in a vertical plane. Two beads 

of equal masses m each carrying aX 

charges q, andq, areconnected 30° cial 

by a chord of length 7 and can = 

slide without friction on the wires. Considering the case 

when the beads are stationary, determine : (1978) 

(i) theanglea, 

(i) the tension in the chord, and 

(1) the normal reactions on the beads. 

If the chord is now cut, what are the values of the charges 

for which the beads continue to remain stationary? 

A charge ‘Q’ 1s distributed over two concentric hollow 

spheres of radii ‘7’ and ‘R’ (>r) such that the surface densities 

are equal. Find the potential at the common centre. 
(1981- 3 Marks) 

A thin fixed ring ofradius 1 metre has a positive charge 1 x 10> 

coulomb uniformly distributed over it. A particle of mass 

0. 9 gm and having a negative charge of 1 x 10° coulomb is 

placed on the axis at a distance of 1 cm from the centre of the 

ring. show that the motion of the negatively charged particle 


C 


10. 


is approaximately simple harmonic. Calculate the time period 
of oscillations. (1982 - Smarks) 
The figure shows two identical S 
parallel plate capacitors connected 

to a battery with the switch S closed. 


The switch is now opened and the ==", AZ=C B==C 
free space between the plates of the 

capacitors is filled with a dielectric 

of dielectric constant (or relative 

permittivity) 3. Find the ratio of the total electrostatic energy 
stored in both capacitors before and after the introduction 


of the dielectric. (1983 - 6 Marks) 
Two fixed, equal, positive charges, each A etq 
of magnitude 5 x 10-° coul are located 

at points A and B separated by a ~q 


distance of 6 m. An equal and opposite 
charge moves towards them along the D 
line COD, the perpendicular bisector of 
the line AB. (1985 - 6 Marks) 
The moving charge, when it reaches the point C at a 
distance of 4 m from O, has a kinetic energy of 4 joules. 
Calculate the distance of the farthest point D which the 
negative charge will reach before returning towards C. 
Three particles, each of mass 1 gm and carrying a charge q, 
are suspended from a common point by insulated massless 
strings, each 100 cm long. Ifthe particles are in equilibrium 
and are located at the corners of an equilateral triangle of 
side length 3 cm, calculate the charge g on each particle. 
(Take g= 10 m/s’). (1988 - 5 Marks) 


Betq 


A point particle of mass Mis ——————> 
attached to one end of a —WWSSsees'F*F 
ae +q 
massless rigid  non- Os 4h 
conducting rod of length LZ. -q 
, i 
Another point particle of the 
> 


same mass 1s attached to the 
other end of the rod. The two particles carry charges +g and 
— q respectively. This arrangement is held in a region of a 
uniform electric field E such that the rod makes a small angle 
9 (say of about 5 degree) with the field direction, fig. Find 
an expression for the minimum time needed for the rod to 
become parallel to the field after it is set free. (1989 - 8mark) 
Three concentric spherical metallic shells A, B and C ofradii 
a, band c (a < b<c) have surface charge densities 6 ,- o 
and o respectively. (1990 -7 Marks) 
(i) Find the potential of the three shells A, B and C. 
(i) Ifthe shells A and C are at the same potential, obtain 
the relation between the radii a, b and c. 
Two fixed charges — 2Q and Q are located at the points with 
coordinates (—3a, 0) and (+ 3a, 0) respectively in the x-y 
plane. (1991 -4+2+2 Marks) 
(a) Show that all points in the x-y plane where the electric 
potential due to the two charges 1s zero, lie on a circle. 
Find its radius and the location of its centre. 
(b) Give the expression V (x) at a general point on the 
x - axis and sketch the function V (x) on the whole x-axis. 
(c) Ifaparticle of charge+ g starts form rest at the centre 
of the circle, show by a short quantative argument that 
the particle eventually crosses the circle. Find its speed 
when it does so. 
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12. 


13. 


14. 


15. 


(a) Acharge of O coulomb is uniformly distributed over a 
spherical volume of radius R metres. Obtain an 
expression for the energy of the system. 

(b) What will be the corresponding expression for the 

energy needed to completely disassemble the planet 
earth against the gravitational pull amongst its 
constituent particles ? 
Assume the earth to be a sphere of uniform 
mass density. Calculate this energy, given the product 
of the mass and the radius of the earth to be 
2.5 10?! kg. m. 

(c) Ifthe same charge of QO coulomb as in part (a) above is 
given to a spherical conductor of the same radius R, 
what will be energy of the system ?(1992 - 10 Marks) 

Two parallel plate capacitors A and B have the same 

separation d= 8.85 x 10 m between the plates. The plate 

area of A and B are 0.04 m* and 0.02m“ respectively. A slab of 
dielectric constant (relative permittivity) K = 9 has 
dimensions such that it can exactly fill the space between 
the plates of capacitor B. (1993 -2+3+2 Marks) 


A E A B 
110V 


(a) (b) (c) 

(i) The dielectric slab is placed inside A as shown in figure 
(a). Ais then charged to a potential difference of 110V. 
Calculate the capacitance of A and the energy stored in it. 

(1) The battery is disconnected and then the dielectric 

slab is moved from A. Find the work done by the external 

agency in removing the slab from A. 

The same dielectric slab is now placed inside B, filling 

it completely. The two capacitors A and B are then 

connected as shown in figure (c). Calculate the energy 
stored in the system. 

A circular ring of radius R with uniform positive charge 

density A per unit length is located in the y-z plane with its 

centre at the origin O. A particle of mass m and positive 


charge q is projected from the point P (RY3 ,0,0) on the 
positive x-axis directly towards O, with an initial speed v. 
Find the smallest (non-zero) value of the speed v such that 
the particle does not return to P. (1993-4 Marks) 
Two square metal plates of side 1 mare kept 0.01 m apart like 
a parallel plate capacitor in air in such a way that one of their 
edges is perpendicular to an oil surface in a tank filled with 
an insulating oil. The plates are connected to a battery of 
emf 500 V. The plates are then lowered vertically into the oil 
at a speed of 0.001 ms“. Calculate the current drawn from 
the battery during the process. (Dielectric constant of 
oil = 11, €)=8.85 x 10°?C*N"'nr’) (1994 - 6 Marks) 
The capacitance of a parallel plate A 

capacitor with plate area A and lll] 
separation d is C. The space === 

between the plates is filled with Saal; 

two wedges ofdielectricconstans — 

K, and K,, respectively. Find the capacitance of the resulting 
capacitor. (1996 - 2 Marks) 


(iui) 


16. 


17. 


18. 


19. 


20. 


Two capacitors A and B with capacities 3 wF and 2 uF are 
charged to a potential difference of 100 V and 180 V 
respectively. The plates of the capacitors are connected as 
shown in the figure with one wire from each capacitor free. 
The upper plate of A is positive and that of B is negative. An 
uncharged 2 uF capacitor C with lead wires falls on the free 
ends to complete the circuit. Calculate (1997-5 Marks) 


al | Cc 
i SuF 2uF L 
A | 100V 180 | B 


(i) the final charge on the three capacitors. and 
(i) the amount of electrostatic energy stored in the system 
before and after the completion of the circuit. 
A conducting sphere S, of radius r 1s attached to an insulating 
handle. Another conducting sphere S, of radius R is 
mounted on an insulating stand. S, is initially uncharged. 
S, 1s given a charge Q, brought into contact with S,, and 
removed. S| 1s recharged such that the charge on itis ‘again 
QO; and itis again brought into contact with S, and removed. 
This procedure is repeated n times. (1 $98 - 8 Marks) 
(a) Find the electrostatic energy of S, after n such contacts 
with S.. 
(b) What 7 the limiting value of this energy as n — 00? 
A non-conducting disc of radius a and uniform positive 
surface charge density o is placed on the ground, with its 
axis vertical. A particle of mass m and positive charge gq 1s 
dropped, along the axis of the disc, from a height H with 


zero initial velocity. The particle has g/m = 4 & g/o 


(1999 - 10 Marks) 

(a) Find the value of H ifthe particle just reaches the disc. 

(b) Sketch the potential energy of the particle as a function 
of its height and find its equilibrium position. 

Four point charges +8mC, —1mC, —ImC, and +8mC are fixed 


at the points - Pm, [3m,+ 3m and+|—"m 
2 2 2 2 


respectively on the y-axis. A particle of mass 6 x 10+ kg and 
charge +0.1 wC moves along the -x direction. Its speed at 
x=+00 is V). Find the least value of V, for which the particle 
will cross the origin. Find also the kinetic energy of the 
particle at the origin. Assume that space is gravity free. 


~9x10?Nm?/C?. 


Given (2000 - 10 Marks) 
TLE 9 

Charges +q and —g are located at the corners of a cube of 

side as show in the figure. Find the work done to separate 


the charges to infinite distance. (2003 - 2 Marks) 
—g +q 


VATA 


+q 


ii a Fi 
-q + 
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21. Acharge +Q is fixed at the origin of the co-ordinate system 22. Twouniformly charged large plane sheets S, and S, having 
charge densities o, and o, (6, > 6,) are placed at a distance 
d parallel to each other. A charge q, is moved along a line of 


while a small electric dipole of dipole moment Dp pointing 


away from the charge along the x-axis is set free from a point length a(a< d) at an angle 45° with the normal to S,. Calculate 
far away from the origin. . (2003 - 4 Marks) the work done by the electric field (2004) 
(a) Calculate the K-E. of the dipole when it reaches toa 23, A conducting liquid bubble of radius a and thickness 

point (d, 0). t (t<<a) 1s charged to potential V. If the bubble collapses to 
(b) Calculate the force on the charge +Q at this moment. a droplet, find the potential on the droplet. (2005 - 2 Marks) 


F Match the Following 


DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 
have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 
bubbles will look like the given. 


1. Six point charges, each of the same magnitude g, are arranged 1n different manners as shown in Column-II. In each case, a point 
M and line PQ passing through M are shown. Let E be the electric field and V be the electric potential at M (potential at infinity 
is zero) due to the given charge distribution when it 1s at rest. Now, the whole system 1s set into rotation with a constant angular 
velocity about the line PQ. Let B be the magnetic field at M and yu be the magnetic moment of the system in this condition. 
Assume each rotating charge to the equivalent to a steady current. (2009) 


Column-lI Column-IlI 


A) E=0 (p) Charges are at the corners of a regular hexagon. M 1s at the centre of 
the hexagon. PQ is perpendicular to the plane of the hexagon 
P 
(B) V+0 (q) 0-3 -—aehesaercomnaneees Charges are on a line perpendicular to PQ at equal intervals. M is the 
mid-point between the two innermost charges. 
Q 
(C) B=0 (r) Charges are placed on two coplanar insulating rings at equal intervals. 
M is the common centre of the rings. PQ 1s perpendicular to the plane 
of the rings. 
(D) uw z0 (s) Charges are placed at the corners ofa rectangle of sides a and 2a and 
at the mid points of the longer sides. M 1s at the centre of the rectangle. 
PQ is parallel to the longer sides. 
(t) Charges are placed on two coplanar, identical insulating rings at equal 


intervals. M is the mid-point between the centres of the rings. PQ 1s 
perpendicular to the line joining the centres and coplanar to the rings. 
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DIRECTIONS (Q. No. 2) : Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of 


which ONLY ONE is correct. 


2. Four charges Q,, Q,, Q, and Q, of same magnitude are fixed along the x axis at x =— 2a, — a, + aand + 2a, respectively. A positive 
charge gq is placed on the positive y axis at a distance 5 > 0. Four options of the signs of these charges are given in List-I. The 
direction of the forces on the charge g 1s given in List-II. Match List-I with List-II and select the correct answer using the code 


given below the lists. 


(JEE Adv. 2014) 


List - I List - II 
P. Q,,Q5, Q3, Q, all | i q(0, 5) 
positive 
Q. Q,, Q, positive; 2. =k 
Q,, Q, negative 
RQ), O, positive; 3 +y =O Q) QO; 
Q,, O; negative (—2a,0) (a, 0) (+.a,0) (+ 2a, 0) 
S.  Q,, Q3 positive; 4. -y 
Q,, Q, negative 
Codes: 
(a) P-3,Q-1,R-4,S-2 (b) P-4, Q-2, R-3, S-1 
(c) P-3,Q-1,R-2,S-4 (d) P-4, Q-2, R-1, S-3 
: . of a light weight and soft material and coated with a conducting 
G material are placed on the bottom plate. The balls have a radius r 


PASSAGE-I 
The nuclear charge (Ze) is non-uniformly distributed within a 
nucleus of radius R. The charge density p (r) [charge per unit 
volume] is dependent only on the radial distance rr from the centre 
of the nucleus as shown in figure The electric field is only along 
the radial direction. (2008) 


p(r) 


O a R 
1. Theelectric field at r= Ris 
(a) independent of a 
(b) directly proportional to a 
(c) directly proportional to a? 
(d) inversely proportional to a 
2. Fora=0, the value of d (maximum value of p as shown in the 


figure) is — 
3Ze 3Ze 
@) 73 6b) 3 
4Ze 
() 3 R3 (dR? 


3. The electric field within the nucleus is generally observed 
to be linearly dependent on r. This implies. 


(a) a=0 (b) a=R/2 
(c) a=R (d) a=2R/3 
PASSAGE-II 


Consider an evacuated cylindrical chamber of height h having 
rigid conducting plates at the ends and an insulating curved 
surface as shown in the figure. A number of spherical balls made 


<<h. Now a high voltage source (HV) 1s connected across the 
conducting plates such that the bottom plate is at +V, and the 
top plate at —V, . Due to their conducting surface, the balls will 
get charged, will become equipotential with the plate and are 
repelled by it. The balls will eventually collide with the top plate, 
where the coefficient of restitution can be taken to be zero due to 
the soft nature of the material of the balls. The electric field in the 
chamber can be considered to be that ofa parallel plate capacitor. 
Assume that there are no collisions between the balls and the 
interaction between them is negligible. (Ignore gravity) 


4. Which one of the following statements is correct? 
(JEE Adv. 2016) 
(a) The balls will stick to the top plate and remain there 
(b) Theballs will bounce back to the bottom plate carrying 
the same charge they went up with 
(c) Theballs will bounce back to the bottom plate carrying 
the opposite charge they went up with 
(d) Theballs will execute simple harmonic motion between 
the two plates 
5. The average current in the steady state registered by the 
ammeter in the circuit will be (JEE Ady. 2016) 
(a) zero 
(b) proportional to the potential V, 


(c) 
(d) 


proportional to vo 2 


proportional to Vo 
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Assertion & Reason Type Questions 


STATEMENT-1 : For practical purposes, the earth is used 
as areference at zero potential in electrical circuits. 

and 

STATEMENT-2 : The electrical potential of a sphere of 
radius R with charge Q uniformly distributed on the surface 


Q 
is given by 4ne)R (2008) 


(a) Statement-1 is True, Statement-2 is True; Statement-2 is 
a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement -1 1s True, Statement-2 is False 

(d) Statement -1 is False, Statement-2 is True 


I Integer Value Correct Type 


A solid sphere of radius R has a charge Q distributed in its 
volume with a charge density p = kr“, where k and a are 
constants and ¢ is the distance from its centre. 


R.1. 
Ifthe electric field at “= > LS 8 times that at r = R, find the 


value of a. (2009) 

Four point charges, each of +q, are rigidly fixed at the four 
corners of a square planar soap film of side ‘a’. The surface 
tension of the soap film is y. The system of charges and 


1/N 
2 
planar film are in equilibrium, and a=k = , where ‘k’ 


is aconstant. Then N is (2011) 


An infinitely long solid cylinder of radius R has a uniform 
volume charge density p. It has a spherical cavity of radius 
R/2 with its centre on the axis of the cylinder, as shown in 


Section-B 


On moving a charge of 20 coulomb by 2 cm, 2 J of work is 
done, then the potential difference between the points is 


(a) O1V (b) 8V [2002] 
(c) 2V (d) OSV. 
Ifthere are n capacitors in parallel connected to V volt source, 
then the energy stored 1s equal to [2002] 
l 
(a) CV (b) 5 nCV 
(c) CV’ (d) a CV? 
2n 


A charged particle g is placed at the centre O of cube of 
length L(A BC DEF GA). Another same charge g is placed 
at a distance L from O. Then the electric flux through ABCD 
1S [2002] 


JEE Main / GIEEE 


the figure. The magnitude of the electric field at the point P, 
which is at a distance 2R from the axis of the cylinder, is 


given by the expression . The value of k is 


23pR 
K 


70) 


(2012) 


An infinitely long uniform line charge distribution of charge 
per unit length A lies parallel to the y-axis in the y—z plane at 


3 ; 
z= a a (see figure). If the magnitude of the flux of the 


electric field through the rectangular surface ABCD lying in 


AL 


the x — y plane with its centre at the origin is en Ep 


(€ = permittivity of free space), then the value of 7 is 


(JEE Adv. 2015) 


(a) g/4neqLl E 
(b) zero 

(c) g/2 negl 
(d) g/3TEoL 


If a charge q 1s placed at the centre of the line joining two 
equal charges Q such that the system is in equilibrium then 


H 
ee De | 
4-H 
Pl a Pl u 
B 


—— | —»i 


F 


the value of g is ]2002] 
(a) QO (b) -Q/2 
(c) Of (d) -O4 
Capacitance (in F) of a spherical conductor with radius 1 m 
1S ]2002] 
(a) 1.1x107!° (b) 10° 


(Cc) 9x10~ (d) 107° 
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10. 


11. 


12. 


If the electric flux entering and leaving an enclosed surface 


respectivelyis 4 and 09 , the electric charge inside the surface 


will be [2003] 
(a) (62 —94)E (b) (64 +2)/E 
(c) (2 -—04)/E (d) (64 +9 )E 


A sheet of aluminium foil of negligible thickness is 
introduced between the plates of a capacitor. The 
capacitance of the capacitor [2003] 
(a) decreases (b) remains unchanged 

(c) becomesinfinite (d) increases 

A thin spherical conducting shell of radius R has a charge gq. 
Another charge Q 1s placed at the centre of the shell. The 


R 
electrostatic potential at a point P a distance > from the 


centre of the shell is [2003] 
20 20. ——.2q 
(@) Ane ok (6) 4ne,R 4ne,R 
20 4g (q+0)2 
(c) Ane, R 4ne,R Ane R 
The work done in placing a charge of 8x 1078 coulomb on 
a condenser of capacity 100 micro-farad is [2003] 


(a) 16x10" joule (6) 3.1x10-*° joule 


(c) 4x10! joule (d) 32x10~** joule 


Three charges —g, , +g, and —q, are place as shown in the 
figure. The x - component of the force on —g, 1s proportional 
to [2003] 


(a) 


© 245050 @ 
bv a 


The length ofa given cylindrical wire is increased by 100%. 
Due to the consequent decrease in diameter the change in 


the resistance of the wire will be [2003] 
(a) 200% (b) 100% 
(c) 50% (d) 300% 


Two spherical conductors B and C having equal radii and 
carrying equal charges on them repel each other with a force 
F when kept apart at some distance. A third spherical 
conductor having same radius as that B but uncharged is 


13. 


14. 


15. 


16. 


17. 


18. 


brought in contact with B, then brought in contact with C 
and finally removed away from both. The new force of 


repulsion between B and C is ]2004] 
(a) F/8 (b) 3F/4 
(c) F/4 (d) 3F/8 


A charge particle “q’ is shot towards another charged particle 

‘Q’ which is fixed, with a speed ‘v’. It approaches ‘QO’ upto 

a closest distance r and then returns. If g were given a 

speed of ‘2v’ the closest distances of approach would be 
]2004] 

(a) 7/2 (b) 27 

(c) +r (d) 7/4 

Four charges equal to -Q are placed at the four corners of a 

square and a charge q 1s at its centre. If the system is in 


equilibrium the value of g 1s ]2004] 
(a) -£ 1422) (b) +22) 
(@ -Sa+2v2)  @ £a+2y2) 


A charged oil drop is suspended in a uniform field of 3x10* 
v/m so that it neither falls nor rises. The charge on the drop 
will be (Take the mass of the charge = 9.9x107!° kg and 
z= 10m/’s’) ]2004] 
(a) 1.6x10-'8C (b) 3.2x10-!8C 

(c) 3.3x10-8C (d) 4.8x10-!8C 

Two point charges + 8g and — 2g are located at x = 0 and 
x = L respectively. The location of a point on the x axis at 
which the net electric field due to these two point charges is 


ZerO 1S ]2005] 
L 

(a) q (b) 2L 

(c) 4L (d) 8L 


Two thin wire rings each having a radius R are placed at a 
distance d apart with their axes coinciding. The charges on 
the two rings are +g and -g. The potential difference 
between the centres of the two rings 1s ]2005] 


Ge Se es 
(a) 4 7 


(b) AT d* 


(c) —t— 1 
4neg|R p24 q? 
(d) zero 
A parallel plate capacitor 1s made by stacking n equally 


spaced plates connected alternatively. If the capacitance 
between any two adjacent plates is ‘C’ then the resultant 


capacitance is ]2005] 
(a) (n+1)C (b) (n-1)C 
(c) ne (d) C 


GP_3481 


Electrostatics 
19. 


20. 


pA 


22: 


23. 


24. 


A charged ball B hangs from a silk thread S, which makes an 
angle @ with a large charged conducting sheet P, as shown 
in the figure. The surface charge density o of the sheet is 
proportional to [2005] 
(a) cot 6 P 
(b) cos Q 

(c) tan 9 

(d) sin @ B 

A fully charged capacitor has a capacitance ‘C’. It is 
discharged through a small coil of resistance wire embed- 


ded in a thermally insulated block of specific heat capacity 
‘s’ and mass ‘m’. Ifthe temperature of the block is raised by 


++ +t++4+44+ 
@ 
WN 


‘ AT ’, the potential difference ‘V’ across the capacitance is 


(a) mCAT (b) 2mCAT 12005] 
S 
2ms AT msAT 
plc ay eee 
(c) 7 (d) Fs 


An electric dipole is placed at an angle of 30° to a non- 
uniform electric field. The dipole willexperience [2006] 
(a) atranslational force only in the direction of the field 
(b) atranslational force only in a direction normal to the 
direction of the field 
(c) atorque as well as a translational force 
(d) a torque only 
Two insulating plates are both uniformly charged in such a 
way that the potential difference between them is 
V,—V, = 20 V. (.e., plate 2 is at a higher potential). The 
plates are separated by d = 0.1 m and can be treated as 
infinitely large. An electron is released from rest on the inner 
surface of plate 1. What is its speed when it hits plate 2? 
(e=1.6x 10°? C,m,=9.11 x 103! kg) [2006] 


(a) 2.65 x 10°m/s ‘7 


(b) 7.02 x 10!? m/s 0.1m—> 
Xx 


(c) 1.87 10°m/s 
] 2 


(d) 32x 10-°m/s 


Two spherical conductors A and B of radii 1 mm and 2 mm 
are separated by a distance of 5 cm and are uniformly 
charged. If the spheres are connected by a conducting wire 
then in equilibrium condition, the ratio of the magnitude of 
the electric fields at the surfaces of spheres A and B is 

(a) 4:1 (b) 1:2 [2006] 
(c) 2:1 (d) 1:4 

An electric charge 107? |! C is placed at the origin (0, 0) of 
X — Y co-ordinate system. Two points A and B are situated at 


(V2 afd and (2, 0) respectively. The potential difference 


between the points 4 and B will be [2007] 
(a) 4.5 volts (b) 9 volts 
(c) Zero (d) 2 volt 


25. 


26. 


27. 


28. 


29. 


30. 


Charges are placed on the vertices of a square as shown. 


Let E be the electric field and V the potential at the centre. 
Ifthe charges on 4 and B are interchanged with those on D 
and C respectively, then ]2007] 


(a) E changes, V remains unchanged ' 


(b) E remains unchanged, V changes 
(c) both E and V change 


(d) E and Vremain unchanged a 
The potential at a point x (measured in pm) due to some 
charges situated on the x-axis 1s given by 
Vx) = 20/(x? — 4) volt 

The electric field E atx =4 u mis given by 

(a) (10/9) volt/ um and in the +ve x direction 
(b) (5/3) volt/ um and in the —ve x direction 
(c) (5/3) volt/ um and in the +ve x direction 
(d) (10/9) volt/ um and in the —ve x direction 
A parallel plate condenser with a dielectric of dielectric 
constant K between the plates has a capacity C and 1s 
charged to a potential V volt. The dielectric slab is slowly 


removed from between the plates and then reinserted. The 
net work done by the system in this process is ]2007] 


12007] 


(a) zero (b) 5(K -1I)C y? 

(c) cy? (K —1) 
K 

If g, and g,, are the accelerations due to gravity on the 

surfaces of the earth and the moon respectively and if 

Millikan’s oil drop experiment could be performed on the 

two surfaces, one will find the ratio ]2007] 


(d) (K-1) cv? 


electronic charge on the moon 


be 
electronic charge on the earth 
(a) 8u/8F (b) 1 
(c) 0 (d) ge/8u 


A parallel plate capacitor with air between the plates has 
capacitance of 9 pF. The separation between its plates is 
‘d’. The space between the plates is now filled with two 
dielectrics. One of the dielectrics has dielectric constant k, 


d 
= 3 and thickness — while the other one has dielectric 


3 
, 2d 
constant k, = 6 and thickness 3 Capacitance of the 
capacitor is now ]2008] 
(a) 1.8pF (b) 45 pF 
(c) 40.5 pF (d) 20.25 pF 


A thin spherical shell of radus R has charge Q spread 
uniformly over its surface. Which of the following graphs 
most closely represents the electric field E(v) produced by 
the shell in the range 0 < r<, wherer is the distance from 
the centre of the shell? ]2008] 


31. 


a2; 


33. 


34. 


35. 


Two points P and Q are maintained at the potentials of 
10 V and — 4 V, respectively. The work done in moving 
100 electrons from P to Qis: ]2009] 
(a) 9.60x10717J (b) —2.24x 10-!6J 

(c) 2.24x 10-l6J (d) -9.60x 107!7J 

A charge Q is placed at each of the opposite corners of a 
square. A charge q is placed at each of the other two corners. 
Ifthe net electrical force on Q is zero, then Q/g equals: [2009] 


1 
(a) —l (b) 1 OR (d) 2/2 


This question contains Statement-I and Statement-2. Of 

the four choices given after the statements, choose the one 

that best describes the two statements. ]2009| 

Statement-1 : For a charged particle moving from point P to 

point Q, the net work done by an electrostatic field on the 

particle is independent of the path connecting point P to 

point Q. 

Statement-2 : The net work done by a conservative force 

on an object moving along a closed loop 1s zero. 

(a) Statement-1 is true, Statement-2 1s true; Statement-2 1s 
the correct explanation of Statement-1. 

(b) Statement-1 is true, Statement-2 is true; Statement-2 1s 
not the correct explanation of Statement-1. 

(c) Statement-1 is false, Statement-2 1s true. 

(d) Statement-1 is true, Statement-2 is false. 


Let P(r) = — r be the charge density distribution for a 
TR 


solid sphere of radius R and total charge Q. For a point ‘p’ 
inside the sphere at distance, from the centre of the sphere, 


the magnitude of electric field is: ]2009| 
Q On? 
l 
a 2 ef 
@) Ant &| Hj ©) An €, R* 
2 
os 
© sre kt (4) 0 


A thin semi-circular ring of radius r has a positive charge q 


distributed uniformly over it. The net field E atthe centre O 
is 12010] 


A a 


(a) An* qr? 


» 
( ) 4n* Eqr? F 
q & O 
rr re | 
(c) 2n* Eqr? 


A 


q 
— >» oJ 
(d) 2n* Er? 


37. 


38. 


39. 


40. 
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Let there be a spherically symmetric charge distribution with 


4 R 


and p(r)=0 for r > R , where r is the distance from the 


charge density varying as P(”) = Po uptor =R, 


origin. The electric field at a distance 7(r< R) from the origin 
is given by ]2010] 


ad Ce AE 4 
(a) 4E0 3 R 


3€Q 3 R 

Apor(5 or 
(c) 4E (= a | (d) 
Two identical charged spheres suspended from a common 
point by two massless strings of length / are initially a 
distance d(d << /) apart because of their mutual repulsion. 
The charge begins to leak from both the spheres at a constant 
rate. As aresult charges approach each other with a velocity 
v. Then as a function of distance x between them, |2011] 
(a) vox! (b) vox? 
(c) vox (d) vox? 
The electrostatic potential inside a charged spherical ball is 
given by = ar* + b where r is the distance from the centre 
and a, b are constants. Then the charge density inside the 


(b) 


ball is : ]2011] 
(a) —6aéqr (b) —24naE, 
(c) —6aé, (d) —24naépr 


In a uniformly charged sphere of total charge QO and radius 
R, the electric field £ is plotted as function of distance from 
the centre, The graph which would correspond to the above 


will be: 12012] 
Fal al 
(a) (b) 
Rr— Rr— 
El el 
(Cc) (d) 
Rr— Rr— 


This questions has statement-1 and statement-2. Of the four 
choices given after the statements, choose the one that 
best describe the two statements. [2012] 
An insulating solid sphere of radius R has a uniformly 
positive charge density p. As a result of this uniform charge 
distribution there 1s a finite value of electric potential at the 
centre of the sphere, at the surface of the sphere and also at 
a point out side the sphere. The electric potential at infinite 
1S Zero. 

Statement -1 : When a charge gq is take from the centre of 
the surface of the sphere its potential energy changes by 
AP 

3& : 
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Statement -2 : The electric field at a distance r (r <R) from 
. pr 
the centre of the sphere is a7 
3&0 
(a) Statement 1 is true, Statement 2 is true; Statement 2 is 
not the correct explanation of statement 1. 
(b) Statement 1 is true Statement 2 1s false. 
(c) Statement 1 is false Statement 2 is true. 


(d) Statement 1 is true, Statement 2 is true, Statement 2 is 
the correct explanation of Statement 1 
41. Twocapacitors C, and C, are charged to 120 V and 200 V 
respectively. It is found that connecting them together the 
potential on each one can be made zero. Then 


JJEE Main 2013] 
(a) 5C,=3C, (b) 3C, =5C, 
(c) 3C,+5C, =0 (d) 9C, =4C, 


42. Twocharges, each equal to q, are kept atx =—aandx=aon 


the x-axis. A particle of mass m and charge qy = 5 is placed 


at the origin. If charge q, is given a small displacement 
(y <<a) along the y-axis, the net force acting on the particle 


is proportional to ]JEE Main 2013] 
(a) y (b) -y 

l ] 
(Cc) — (d) -— 

y y 


43. Acharge Q is uniformly distributed over a long rod AB of 
length L as shown in the figure. The electric potential at the 
point O lying at distance L from the end A is 


]JEE Main 2013] 
O A QM!!!“ B 
— | ——><—__ | ——> 
Q 39 
(a) 8néyL (b) Ane yL 
et oe 
(c) 4ré9L In 2 (d) AnégL * 


44. Assume that an electric field — — 3¢x2; exists in space. Then 
the potential difference V, —V,, where V, is the potential 
at the origin and V, the potential at x =2 mis: 


|JEE Main 2014] 
(a) 120J/C (b) -120J/C 
(c) -80J/C (d) 80J/C 


45. A parallel plate capacitor is made of two circular plates 
separated by a distance 5 mm and with a dielectric of dielectric 
constant 2.2 between them. When the electric field in the 


dielectric is 3x10* V/m the charge density of the positive 


plate will be close to: |JEE Main 2014] 


46. 


47. 


(a) 6x10 C/m? (b) 3x10’ C/m’ 


(c) 3x10*C/m? (d) 6x10‘ C/m’ 


In the given circuit, charge Q, on the 2uF capacitor changes 
as C is varied from 1 pF to 3uF. Q, asa function of 'C' is given 
properly by: (figures are drawn schematically and are not 
to scale) |JEE Main 2015] 


3 uF 
A uniformly charged solid sphere of radius R has potential 
V) (measured with respect to 00) on its surface. For this sphere 


; , _. 3Vo SVo 3Vo 
the equipotential surfaces with potentials ——, ——, —— 


luk 


2 4 4 


V 
and a have radius R,, R,, R and R, respectively. Then 
(a) R, =OandR, <(R,-R;) [JEE Main 2015] 
(b) 2R<R, 
(c) R, =OandR, >(R,—-R;) 
(d) R, #0 and(R, —R,)>(R,—-R;) 


48. A long cylindrical shell carries positive surface charge o in 
the upper half and negative surface charge - o in the lower 
half. The electric field lines around the cylinder will look like 
figure given in : (figures are schematic and not drawn to 
scale) [JEE Main 2015] 
(a) 


eS 
0 (@D) «e 
49. Acombination of capacitors is set up as shown in the figure. 
The magnitude of the electric field, due to a point charge Q 


(having a charge equal to the sum of the charges on the 4 
u Fand 9 «uF capacitors), at a point distance 30 m from it, 


would equal : |JEE Main 2016] 
3pF 
4uF 
9uF 
2uF 


50. 
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(a) 420N/C (b) 480N/C 
(c) 240N/C (d) 360N/C 
The region between two concentric spheres of radii 'a' and 


'b', respectively (see figure), have volume charge density 
A 
p= ee where A is a constant and r is the distance from the 


centre. At the centre of the spheres 1s a point charge Q. The 
value of A such that the electric field in the region between 


the spheres will be constant, is : [JEE Main 2016 
G 
_ 4Q 2Q 

2. 4.2 —— 

(a) n(a —b ) (b) mae 
Q Q 
2 22 

(Cc) maz (d) 2 (b —a ) 
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Bi Section-A 


2. 
A Fill inthe Blanks 


An electric bulb rated for 500 watts at 100 volts is used in a 
circuit having a 200 volts supply. The resistance R that 
must be put in series with the bulb, so that the bulb delivers 
500 watt Is .......... ohm. (1987 - 2 Marks) 


The equivalent resistance between points A and B of the 
circuit given below is......Q.. (1997 - 2 Marks) 


In the circuit shown below, each battery is 5V and has an 
internal resistance of 0.2 ohm. 


44 
Ly 


The reading in the ideal voltmeter Vis ..... V. (1997-2 Marks) 


B True/False 


In an electrolytic solution the electric current 1s mainly due 
to the movement of free electrons. (1980) 
Electrons in a conductor have no motion in the absence of 
a potential difference across it. (1982 - 2 Marks) 
The current —voltage graphs for a given metallic wire at 
two different temperatures 7, and T, are shown in the figure. 

(1985 - 3 Marks) 


T, 


~ —> 


T, 


V—> 
The temperature T, is greater than 7;. 


C MCQs with One Correct Answer 


The temperature coefficient of resistance ofa wire 1s 0.00125 
per °C. At 300 K, its resistance is 1 ohm. This resistance of 
the wire will be 2 ohm at. 
(a) 1154K 
(c) 1400K 


(b) 1100K (1980) 
(d) 1127K 


Current Electricity 


JEE @dvanced/ IIT-JEE 


A constant voltage is applied between the two ends of a 
uniform metallic wire. Some heat is developed in it. The heat 
developed is doubled if (1980) 
(a) both the length and the radius of the wire are halved. 
(b) both the length and the radius of the wire are doubled. 
(c) the radius of the wire is doubled. 

(d) the length of the wire is doubled. 

The electrostatic field due to a point charge depends on the 


, 1 , , = 
distance ras — . Indicate which of the following quantities 


shows same depeidence on r. (1980) 

(a) Intensity of light from a point source. 

(b) Electrostatic potential due to a point charge. 

(c) Electrostatic potential at a distancer from the centre ofa 
charged metallic sphere. Given r < radius of the sphere. 

(d) None of these 

In the circuit shown in fig the heat produced in the 5 ohm 

resistor due to the current flowing through it is 10 calories 

per second. (1981- 2 Marks) 


SQ 


The heat generated in the 4 ohms resistor is 

(a) 1 calorie/ sec (b) 2 calories /sec 

(c) 3calories /sec (d) 4calories /sec 

The current 1 1n the circuit (see Fig) is (1983 - I Mark) 


300 300 
2V 
1 1 
(a) ri (b) 15 4 
1 1 
(Cc) io “ (d) 5 A 


A piece of copper and another of germanium are cooled 
from room temperature to 80° K. The resistance of 

(a) each of them increases (1988 - I Mark) 
(b) each of them decreases 

(c) copper increases and germanium decreases 

(d) copper decreases and germanium increases 


10. 


11. 


A battery of internal resistance 4Q is connected to the 
network of resistances as shown. In order that the maximum 
power can be delivered to the network, the value of R in Q 
should be (1995S) 


4 8 
(a) 9 (b) 2 (c) 3 


In the circuit P#R, the 
reading of the galvanometer is 
same with switch S open or 
closed. Then (1999 - 2 Marks) 


(a) L,=1, 
(b) 1,=I, 
(Cc) 

(d) 15> 


V 
In the given circuit, with steady current, the potential drop 
across the capacitor must be 


(b) V/2 


(2001S) 


(a) V (c) V/3 (d) 2V/3 


A wire of length L and 3 identical cells of negligible internal 
resistances are connected in series. Due to the current, the 
temperature of the wire 1s raised by AT in a time t. A number 
N of similar cells is now connected in series with a wire of 
the same material and cross-section but of length 2Z. The 
temperature of the wire is raised by the same amount A7 in 


the same time ¢. the value of NV is (2001S) 
(a) 4 (b) 6 
(c) 8 (d) 9 


In the given circuit, it is observed that the current / 1s 
independent of the value of the resistance R,. Then the 
resistance values must satisfy (2001S) 


(a) R,RoR,=R3R,R, 
| 1 1 
{So 
R, R, R,+R, R,+R, 
(c) R,Ry=R5R; 
(d) R,R,=R,R,=RR, 


12. 


15. 


Topic-wise Solved Papers - PHYSICS 
The effective resistance between points P and Q of the 


electrical circuit shown in the fi upu 1S (2002S) 
2Rr 

@ 2 
8R(R+r) Et 

(0) 3R+r 

(c) 2r+4R 

(d) = +2r 


A 100 W bulb B,, and two 60 W bulb B, and B,, are 
connected to a 250 V source, as shown in figure. Now W,, 
W, and W, are the output powers of the bulbs B,, B, and B,, 
respectively. Then (2002S ) 


(a) W,>W,=W, (b) W,>W,>W, 
(c) W,<W,=W, (d) W,<W,<W, 
Express which of the following set ups can be used to verify 
Ohm’s law? (2003S) 


(a) 


(c) 


(d) : : 
In the shown arrangement of the experiment of the meter 
bridge if AC corresponding to null deflection of 


galvanometer is x, what would be its value if the radius of 
the wire AB is doubled? (2003S) 
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(a) P 
(b) Q 
(c) R 
A<—x—> C B (¢) e a. 
20. Find out the value of current through 2Q resistance for the 
(a) x (b) x/4 a 
given circuit. (2005S) 
(c) 4x (d) 2x 
16. The three resistance of equal value are arranged in the 
different combinations shown below. Arrange them in 
increasing order of power dissipation. (2003S) 
i 
nr 
i (a) zero (b) 2A 
(c) 5A (d) 44 
(I) (il) 21. A4uF capacitor, a resistance of 2.5 MO 1s in series with 


12 V battery. Find the time after which the potential difference 


across the capacitor is 3 times the potential difference across 

the resistor. [Given In(2) = 0.693] (2005S) 
i (a) 13.86s (b) 6.93s 

(c) 7s (d) 14s 


22. Amoving coil galvanometer of resistance 100 © is used as 


(a) TI<N<IV<!I (b) I<I<IV<I an ammeter using a resistance 0.1 Q. The maximum 
(c) I<IV<II<I (d) I<III<I<IV deflection current in the galvanometer is 100 pA. Find the 

17. Shown in figure is a Post Office box. In order to calculate minimum current in the circuit so that the ammeter shows 
the value of external resistance, it should be connected masamunidenecion (2005S) 
between (2004S) (a) 100.1mA (b) 1000.1mA 


(c) 10.01mA (d) 1.01mA 

23. An ideal gas is filled in a closed rigid and thermally insulated 
container. A coil of 100 Q resistor carrying current 1 A for 5 
minutes supplies heat to the gas. The change in internal 


energy of the gas is (2005S) 
(a) 10kJ (b) 30kJ 
| (c) 20kJ (d) OkJ 
(a) B'andC (b) AandD 24. Ifasteady current] is flowing through a cylindrical element 
(c) Cc and ae (d) BandD , ABC. Choose the correct relationship 
18. Six identical resistors are connected as shown in the figure. 
The equivalent resistance will be (2004S) A 2r B : F 
| a rr 
p K O —-> 1 
COQ eee 
<¢$—_$___________» I/2 


l/2 
- (a) Vag =2V ac 


(b) Power across BC is 4 times the power across AB 
(c) Current densities in AB and BC are equal 
= (d) Electric field due to current inside AB and BC are equal 
(a) Maximum between Pand R 25. Aresistance of 2Q is connected across one gap of a metre- 
(b) Maximum between Qand R bridge (the length of the wire is 100 cm) and an unknown 
(c) Maximum between P and Q resistance, greater than 2Q, 1s connected across the other 


d) All are equal 
19. Swan i charged using an external battery with a gap. When these resistances are interchanged, the balance 
point shifts by 20 cm. Neglecting any corrections, the 


resistance x in series. The dashed line shows the variation 

of In I with respect to time. If the resistance is changed to unknown resistance 1s 

2x, the new graph will be (2004S) (a) 30 (b) 40 (2007) 
(c) 5Q (d) 6Q 


20. 


27. 


28. 


A circuit 1s connected as shown in the figure with the switch 
S open. When the switch is closed, the total amount of 


charge that flows from Y to X 1s (2007) 
3uF 6uF 
we 8 
S 
3Q 60 
¥ 
9V 
(a) 0 (b) S4uC 
(c) 27uC (d) 81luC 


Figure shows three resistor configurations R,, R, and R, 
connected to 3V battery. If the power dissipated by the 
configuration R,, R, and R, is P,, P, and P,, respectively, 
then — 


(a) P,>P,>P, 


(b) P,>P3>P, 
(c) P,>P,>P, 
(d) P,>P,>P, 


Incandescent bulbs are designed by keeping in mind that 
the resistance of their filament increases with the increase 
in temperature. If at room temperature, 100 W, 60 W and 
40 W bulbs have filament resistances Rjo9, Rep and Ryo, 
respectively, the relation between these resistances is 


1 


————= > ———_ +} — = 
@) Ro Ray Rey ©) Rroo= Rao + Reo (2070) 


1 l 1 


c) R,,,>R.,.>R d 
(Cc) 100 60 40 (d) Rioo R¢o Ryo 


Zo. 


30. 


31. 


Topic-wise Solved Papers - PHYSICS 


To verify Ohm’s law, a student is provided with a test resistor 
R,, a high resistance R,, a small resistance R,, two identical 
galvanometers G, and G,, and a variable voltage source V. 
The correct circuit to carry out the experimentis (2010) 


Consider a thin square sheet of side Z and thickness t, made 
of a material of resistivity p. The resistance between two 
opposite faces, shown by the shaded areas in the figure is 
(2010) 


(a) directly proportional to L 
(b) directly proportional to ¢ 


WLLL LLLLLL1 


(c) independent of L 
[<— L—> 


(d) independent of t 


A meter bridge is set up as shown, to determine an unknown 
resistance ‘X’ using a standard 10 ohm resistor. The 
galvanometer shows null point when tapping-key is at 52 
cm mark. The end-corrections are 1 cm and 2 cm respectively 
for the ends A and B. The determined value of ‘X’ is 
(2011) 


(a) 10.20hm 
(c) 10.80hm 


(b) 10.60hm 
(d) 11.10hm 
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32. During an experiment with a metre bridge, the galvanometer 


RE 


shows a null point when the jockey is pressed at 40.0 cm 
using a standard resistance of 90 Q, as shown in the figure. 
The least count of the scale used in the metre bridge is 1mm. 
The unknown resistance 1s (JEE Adv. 2014) 


+<—$______» 
40.0 cm 


(a) 60+0.15Q (b) 135+40.569 
(c) 60+0.250 (d) 13540.23Q 
An infinite line charge of uniform electric charge density 


lies along the axis of an electrically conducting infinite 
cylindrical shell of radius R. At time t = 0, the space inside 
the cylinder is filled with a material of permittivity ¢ and 
electrical conductivity o. The electrical conduction in the 
material follows Ohm's law. Which one of the following 
graphs best describes the subsequent variation of the 
magnitude of current density j(t) at any point in the material? 

(JEE Adv. 2016) 


I(t) i(t) 


(c) 


t 
(0, 0) (0, 0) 


1» MCQs with One or More than One Correct 


I. 


Capacitor C, of capacitance | micro-farad and capacitor C, 

of capacitance 2 microfarad are separately charged fully by 

a common battery. The two capacitors are then separately 

allowed to discharge through equal resistors at time ¢= 0. 

(1989 - 2 Marks) 

(a) The current in each of the two discharging circuits is 
zero at t= 0. 

(b) The currents in the two discharging circuits at t=0 are 
equal but not zero. 

(c) The currents in the two discharging circuits at t=0 are 
unequal. 

(d) Capacitor C,, losses 50% of its initial charge sooner 
than C, loses 50% of its initial charge. 

Read the following statements carefully: (1993-2 Marks) 

Y: The resistivity of a semiconductor decreases with 
increase of temperature. 


Z: Ina conducing solid, the rate of collisions between 
free electrons and ions increases with increase of 
temperature 

Select the correct statement(s) from the following; 

(a) Yis true but Z 1s false (b)Y is false but Z is true 

(c) Both Yand Zare true (d) Y is true and Z is the 

correct reason for Y 

In the circuit shown in Figure the current through 

(1998S - 2 Marks) 


30 20 20 


OV 8Q 8Q 4Q 


20. 20 20 


(a) the3 Q resistor is 0.50A. 

(b) the3 Q resistor is 0.25 A. 

(c) the4 Qresistoris 0.50A 

(d) the4Q resistor is 0.25 A. 

When a potential difference is applied across, the current 
passing through (1999S - 3 Marks) 
(a) an insulator at 0 K is zero 

(b) asemiconductor at 0 K is zero 

(c) ametal at 0K is finite 

(d) ap-n diode at 300K is finite, if it is reverse biased 

For the circuit shown in the figure (2009) 


(a) the current / through the battery is 7.5 mA 

(b) the potential difference across R, is 18 V 

(c) ratio of powers dissipated in R, and R, is 3 

(d) if R, and R, are interchanged, magnitude of the power 
dissipated in R, will decrease by a factor of 9 

For the resistance network shown in the figure, choose the 

correct option(s) (2012-1) 


P1l,2Q2 § 


(a) Thecurrent through PQ 1s zero. 

(b) I,=3A 

(c) The potential at S is less than that at Q. 
(d) 1,=2A 


P-120 
ag 


10. 


Heater of an electric kettle is made of a wire of length Z and 
diameter d. It takes 4 minutes to raise the temperature of 
0.5 kg water by 40 K. This heater is replaced by a new heater 
having two wires of the same material, each of length L and 
diameter 2d. The way these wires are connected is given in 
the options. How much time in minutes will it take to raise the 
temperature of the same amount of water by 40 K? 

(JEE Adv. 2014) 
(a) 4ifwiresareinparallel (b) 2 1fwires are in series 
(c) lifwiresareinseries (d) 0.5ifwiresarein parallel 
Two ideal batteries of emf V, and V, and three resistances 
R,, R, and R, are connected as shown in the figure. The 
current in resistance R, would be zeroif (JEE Adv. 2014) 


(a) V,=V,andR,=R,=R, 

(b) V,=V,and R, =2R,=R, 

(c) V,=2V,and2R,=2R,=R, 

(d) 2V,=V,and2R,=R,=R, 

In an aluminium (AI) bar of square cross section, a square 
hole is drilled and 1s filled with iron (Fe) as shown in the 
figure. The electrical resistivities of Al and Fe are 2.7 x 10-8 
Q mand 1.0 x 10-7 Qm, respectively. The electrical resistance 
between the two faces P and QO of the composite bar is 


(JEE Adv. 2015) 


2475 

(a) Gq 
1875 
26 

©) ea" 
1875 

(C) Go" 
2475 
SG 

@) 732" 


An incandescent bulb has a thin filament of tungsten that is 
heated to high temperature by passing an electric current. 
The hot filament emits black—body radiation. The filament 
is observed to break up at random locations after a 
sufficiently long time of operation due to non-uniform 
evaporation of tungsten from the filament. If the bulb is 
powered at constant voltage, which of the following 
statement(s) is(are) true? (JEE Adv. 2016) 
(a) The temperature distribution over the filament is 
uniform 


E Subjective Problems 
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(b) The resistance over small sections of the filament 
decreases with time 

(c) The filament emits more light at higher band of 
frequencies before it breaks up 

(d) The filament consumes less electrical power towards 
the end of the life of the bulb 


11. In the circuit shown below, the key is pressed at time t = 0. 


Which of the following statement(s) is(are) true? 
(JEE Adv. 2016) 


(a) The voltmeter displays —SV as soon as the key is 
pressed, and displays +5V after a long time 

(b) The voltmeter will display OV at time t = In 2 seconds 

(c) The current in the ammeter becomes 1/e of the initial 
value after 1 second 

(d) Thecurrent in the ammeter becomes zero after a long 
time. 


A heater is designed to operate with a power of 1000 watts 
in a 100 volt line. It is connected 1n a combinations with a 
resistance of 10 ohms and a resistance R to a 100 volts 
mains as shown in the figure. What should be the value of 
R so that the heater operates with a power of 62.5 watts. 


(1978) 
| Heater _| 


100V 
Ifa copper wire is stretched to make it 0.1% longer what is 
the percentage change in its resistance? (1978) 
All resistances in the diagram below are in ohms. Find the 
effective resistance between the points A and B. (1979) 


In the diagram shown find the potential difference between 
the points A and B and between the points B and C in the 
steady state. (1979) 


GP_3481 


Current Electricity 


A battery of emf 2 volts and internal resistance 0.1 ohm is 
being charged with a current of 5 amps. (1980) 
In what direction will the current flow inside the battery? 
What is the potential difference between the two terminal of 
the battery? 

State ohm’s law. 

In the circuit shown in figure, a voltmeter reads 30 volts 
when it is connected across 400 ohm resistance. Calculate 
what the same voltmeter will read when it is connected across 
the 300 ohm resistance. ( 1980) 


3002 4009 
60V 


In the circuit shown in fig £, =3 volts, E, = 2 volts, £,= 1 
volt and R=r, =r, =r, =1 ohm. (1981 - 6 Marks) 


(i) Find the potential difference between the points A and 
B and the currents through each branch. 

(il) Ifr, is short circuited and the point A is connected to 
point B, find the currents through £,, £ £, and the 
resistor R. 

Calculate the steady state current in the 2-ohm resistor 

shown in the circuit in the figure. The internal resistance of 

the battery is negligible and the capacitance of the 


condenser C is 0.2 microfarad. (1982 - 5 Marks) 
20 


2.80 


V=6VOLIS 
In the circuit shown in figure E, F, G Hare cells ofemf2, 1, 3 


and 1 volt respectively, and their internal resistances are 2, 
1,3 and 1 ohm respectively. (1984 - 6 Marks) 
Calculate : 

(i) the potential difference between B and D and 


10. 


11. 


(i) the potential difference across the terminals of each 
cells G and H r 


A part of ciucuit in a steddy state along with the currents 
flowing in the branches, the values of resistances etc., 1s 
shown in the figure. Calculate the energy stored in the 
capacitor C (4uF) (1986 - 4 Marks) 


An infinite ladder network of resistances is constructed with 
al ohm and 2 ohm resistances, as shown in fig. 
(1987 - 7 Marks) 
1Q 1Q 1Q 1Q 


6V 
20 20 


3-—-_-_-_-+—__1—__14\_1 ....... 

The 6 volt battery between A and B has negligible internal 

resistance : 

(i) Show that the effective resistance between A and B is 
2 ohms. 

(i) What is the current that passes through the 2 ohm 
resistance nearest to the battery ? 

In the given circuit 


R; = 2R, = 4 ohms 


(1988 - 5 Marks) 
R, = 2R, =6 ohms 


C=5uf. 


Find the current in R, and the energy stored in the capacitor. 
Ry Ey 


p-122 
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13. Anelectrical circuit is shown in Fig. Calculate the potential (a) Are there positive and negative terminals on the 
difference across the resistor of 400 ohm, as will be measured galvanometer? 
by the voltmeter V of resistance 400 ohm, either by applying (b) Copy the figure in your answer book and show the 
Kirchhoff’s rules or otherwise. (1996 - 5 Marks) battery and the galvanometer (with jockey) connected 
G& at appropriate points. 
ee 16. Howa battery is to be connected so that the shown rheostat 
will behave like a potential divider? Also indicate the points 
about which output can be taken. (2003 - 2 Marks) 
i: [~~ 
l, 
L 100Q , eo 
A R B 
| 10V 17. Drawthe circuit diagram to verify Ohm’s Law with the help 
14. In the circuit shown in Figure, the battery is an ideal one, ofa main ecg of ae © and two galvanometers of 
with emf V. The capacitor is initially uncharged. The switch resistances 10” and I 0 Q and a source of varying emf. 
Saeclosed acmer— 0. (1998 - 8 Marks) Show the correct positions of voltmeter and ammeter. 
; ; (2004 - 4 Marks) 
(a) Find the charge Q on the caer ton at ume . a 18. An unknown resistance X is to be determined using 
(b) Find the current in AB at time ¢. What is its limiting resistances R,, R, or R. Their corresponding null points 
value as t + 00 : are A, B and C. Find which of the above will give the most 
Ss A R accurate reading and why? (2005 - 2 Marks) 
V R C 
v ; R=R, or R, or R, 
15. A thin uniform wire AB of length 1m, an unknown resistance 


X and a resistance of 12 © are connected by thick 
conducting strips, as shown in the figure. A battery and a 
galvanometer (with a sliding jockey connected to it) are 
also available. Connections are to be made to measure the 
unknown resistance X using the principle of Wheatstone 
bridge. Answer the following questions. (2002 - 5 Marks ) 


have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-g andr; C-p and q; and D-s then the correct darkening of 


bubbles will look like the given. 


19. 


F Match the Following 


DIRECTIONS (Q. No. 1) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 


In the given circuit, the switch Sis closed at time t= 0. The 
charge Q on the capacitor at any instant ¢ is given by 
Q(t) = QU — e™). Find the value of Q, and « in terms of 
given parameters as shown in the circuit. 


(2005 - 4 Marks) 


P qr s t 
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1. Column I gives some devices and Column II gives some processes on which the functioning of these devices depend. Match 
the devices in Column I with the processes in Column II and indicate your answer by darkening appropriate bubbles in the 4 x 
4 matrix given in the ORS. (2007) 

Column I Column II 

(A) Bimetallic strip (p) Radiation from a hot body 
(B) Steam engine (q) Energy conversion 
(C) Incandescent lamp (r) Melting 
(D) Electric fuse (s) Thermal expansion of solids 


Current Electricity ————$$$$— "es 
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Comprehension Based Questions 


PASSAGE 

Electrical resistance of certain materials, known as 
superconductors, changes abruptly from a nonzero value 
to zero as their temperature is lowered below a critical 
temperature 7(0). An interesting property of 
superconductors is that their critical temperature becomes 
smaller than 7/.(0) if they are placed in a magnetic field, 1.e., 
the critical temperature 7, (B) is a function of the magnetic 
field strength B. The dependence of 7.(B) on B is shown in 
the figure. (2010) 

T-(B) 

— 
T-(9) 


O B 
In the graphs below, the resistance R ofa superconductor 1s 
shown as a function of its temperature 7 for two different 
magnetic fields B, (solid line) and B, (dashed line). If B, is 
larger than B, which of the following graphs shows the 
correct variation of R with T in these fields? 


A superconductor has T,, (0) = 100 K. When a magnetic 
field of 7.5 Tesla is applied, its 7;. decreases to 75 K. For this 
material one can definitely say that when 

(a) B=5 Tesla, JT. (B)=80K 

(b) B=5 Tesla, 75 K <7. (B)< 100K 

(c) B=10 Tesla, 75K < T.(B)< 100K 

(d) B=10Tesla, T.(B)=70K 


Assertion & Reason Type Questions 


STATEMENT-1 : In a Meter Bridge experiment, null point 
for an unknown resistance is measured. Now, the unknown 
resistance is put inside an enclosure maintained at a higher 
temperature. The null point can be obtained at the same 
point as before by decreasing the value of the standard 
resistance. 

STATEMENT-2 : Resistance of a metal increases with 
increase in temperature. (2008) 


I 


(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement -1 is True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 is True 


Integer Value Correct Type 


When two identical batteries of internal resistance 1Q each 
are connected in series across a resistor R, the rate of heat 
produced in Ris J,. When the same batteries are connected 
in parallel across R, the rate is J,. If J, = 2.25 J, then the 
value of R in Q is (2010) 
At time t = 0, a battery of 10 V is connected across points 
A and B in the given circuit. If the capacitors have no 
charge initially, at what time (in sceonds) does the voltage 
across them become 4 V? [Take : n5 =1.6, n3 = 1.1] (2010) 


2MQ 2uF 
Ft. | ° 
2MQ Ab 


Two batteries of different emfs and different internal 
resistances are connected as shown. The voltage across 


AB in volts is (2011) 
6V 10 
|__ 
A B 
HWW 
3V 22 


A galvanometer gives full scale deflection with 0.006 A 
current. By connecting it to a 4990 Q resistance, it can be 
converted into a voltmeter of range 0 — 30 V. If connected to 


2n 
a 549 © resistance, it becomes an ammeter ofrange 0—1.5A. 


The value of n 1s (JEE Ady. 2014) 
In the following circuit, the current through the resistor 
R (=2 Q) is Jamperes. The value of/is (JEE Adv. 2015) 


R@2Q) 10 


a 


6.5 V 


If an ammeter is to be used in place of a voltmeter, then we 
must connect with the ammeter a [2002] 
(a) lowresistance in parallel 

(b) high resistance in parallel 

(c) high resistance in series 

(d) lowresistance in series. 

A wire when connected to 220 V mains supply has power 
dissipation P,. Now the wire is cut into two equal pieces 
which are connected in parallel to the same supply. Power 


dissipation in this case is P,. Then P, : P, is [2002] 
(a) 1 (b) 4 
(c) 2 (d) 3 


Ifa current is passed through a spring then the spring will 
(a) expand (b) compress [2002] 
(c) remains same (d) none of these. 

Ifin the circuit, power dissipation is 150 W, then R is 


ISV 
a) 2Q (b) 6Q [2002] 
(c) 5Q (d) 4Q 


The mass of product liberated on anode in an electrochemical 
cell depends on [2002] 
(a) (It)' (b) It 

(c) I/t (d) [It 

(where ¢ is the time period for which the current is passed). 


If 0, is the inversion temperature, @, is the neutral 


temperature, Q, is the temperature of the cold junction, 


then [2002] 
@ “X"c-0,  @ 0,-0,=2, 


The length ofa wire ofa potentiometer is 100 cm, and the e. 

m.f. of its standard cell is E volt. It is employed to measure 
the e.m.f. of a battery whose internal resistance is 0.5. If 
the balance point is obtained at | = 30 cm from the positive 


end, the e.m.f. of the battery is [2003] 
30E 30E 

(a) 100.5 (b) (100 - 0.5) 
30(E —0.5i) 30E 

©) 100 )  T00 


where 1 is the current in the potentiometer wire. 


8. 


10. 


11. 


12. 


13. 
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: Section-B 


The thermo e.m.f. ofa thermo -couple is 25 wV/° C at room 
temperature. A galvanometer of 40 ohm resistance, capable 


of detecting current as low as 10-°A, is connected with 
the thermo couple. The smallest temperature difference that 


can be detected by this system is ]2003] 
(a) 16°C (b) 12°C 
(Cc) g°C (d) 20°C 


The negative Zn pole of a Daniell cell, sending a constant 
current through a circuit, decreases in mass by 0.13g in 30 
minutes. If the electeochemical equivalent of Zn and Cu are 
32.5 and 31.5 respectively, the increase in the mass of the 


positive Cu pole in this time is ]2003] 
(a) 0.180¢g (b) 0.141g 
(c) 0.126g (d) 0.242¢ 


An ammeter reads upto | ampere. Its internal resistance is 
0.8lohm. To increase the range to 10 A the value of the 


required shunt is ]2003] 
(a) 0.03Q (b) 0.39 
(c) 090 (d) 0.092 


A 3 volt battery with negligible internal resistance is 
connected in a circuit as shown in the figure. The current I, 
in the circuit will be ]2003] 


30 
ae 30 
32 
(a) 1A (b) 1.5A 
(c) 2A (d) 1/3A 


A 220 volt, 1000 watt bulb is connected across a 110 volt 
mains supply . The power consumed will be ]2003] 
(a) 750 watt (b) 500 watt 

(c) 250 watt (d) 1000 watt 

The total current supplied to the circuit by the battery is 


12004] 
6V. a 
c 30 


(b) 2A 
(d) 6A 


(a) 4A 
(c) 1A 
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15. 


16. 


17. 


18. 


19. 


20. 


21. 


The resistance of the series combination of two resistances 
is S. when they are joined in parallel the total resistance 1s P. 
If S=nP then the Minimum possible value of 7 is 
(a) 2 (b) 3 

(c) 4 (d) 1 

An electric current is passed through a circuit containing 
two wires of the same material, connected in parallel. Ifthe 


[2004] 


4 2 
lengths and radii arein the ratio of 3 and 3 then the ratio 


of the current passing through the wires will be 

[2004] 
(a) 8/9 (b) 1/3 
(c) 3 (d) 2 
In a meter bridge experiment null point is obtained at 20 cm. 
from one end of the wire when resistance X is balanced 
against another resistance Y. If_X < Y, then where will be the 
new position of the null point from the same end, if one 
decides to balance a resistance of 4X against Y 


(a) 40cm (b) 80cm [2004] 
(c) 50cm (d) 70cm 
The termistors are usually made of [2004] 


(a) metal oxides with high temperature coefficient of 
resistivity 

(b) metals with high temperature coefficient of resistivity 

(c) metals with low temperature coefficient of resistivity 

(d) semiconducting materials having low temperature 
coefficient of resistivity 

Time taken bya 836 W heater to heat one litre of water from 


10°C to 40°C is [2004] 
(a) 150s (b) 100s 
(c) 50s (d) 200s 


The thermo emf ofa thermocouple varies with the temperature 


8 of the hot junction as FE = aQ+b0* in volts where the 
ratio a/b is 700°C. Ifthe cold junction is kept at 0°C, then the 
neutral temperature is [2004] 
(a) 1400°C 

(b) 350°C 

(c) 700°C 

(d) Noneutral temperature is possible for this termocouple. 


The electrochemical equivalent of a metal is 3.35 109°’ kg 


per Coulomb. The mass of the metal liberated at the cathode 

when a 3A current is passed for 2 seconds will be 

(a) 6.6x10°’kg (b) 9.9x10-’kg 

(c) 19.8x10-’kg (d) 1.1x10-’kg 

Two thin, long, parallel wires, separated by a distance ‘d’ 

carry a current of ‘7’ A in the same direction. They will 
[2005] 


[2004] 


(a) repel each other with a force of Loi /|(2nd) 


(b) attract each other with a force of Loi? /(2nd) 


22: 


22. 


24. 


25: 


26. 


(c) repel each other with a force of Ui? /(2nd*) 


(d) attract each other with a force of Ui? /(2nd ) 


A heater coil is cut into two equal parts and only one part is 
now used in the heater. The heat generated will now be 

(a) four times (b) doubled ]2005] 
(c) halved (d) one fourth 

In the circuit , the galvanometer G shows zero deflection. If 
the batteries A and B have negligible internal resistance, the 


value of the resistor R will be - ]2005] 
500 Q 
2V 
(a) 1000 (b) 2002 
(c) 1000 (d) 500 


A moving coil galvanometer has 150 equal divisions. Its 
current sensitivity is 10-divisions per milliampere and voltage 
sensitivity 1s 2 divisions per millivolt. In order that each 
division reads | volt, the resistance in ohms needed to be 


connected in series with the coil will be - ]2005] 
(a) 10° (b) 10° 
(c) 9995 (d) 99995 


Two sources of equal emf are connected to an external 
resistance R. The internal resistance of the two sources are 
R,and R,(R, > R,). Ifthe potential difference across the 


source having internal resistance R. is zero, then 
(a) R= R,-R, ]2005] 
(b) R= Ry x(R + Ry) Ry — RK) 

(c) R= RR, /(Ry-R) 

(d) R= RR KR — Ry) 

Two voltameters, one of copper and another of silver, are 


joined in parallel. When a total charge g flows through the 
voltameters, equal amount of metals are deposited. If the 


electrochemical equivalents of copper and silver are Z, and 


Z> respectively the charge which flows through the silver 


voltameter is ]2005] 
q 
@ — (b) 
Z5 Z| 
1+— a 
Z| "a 


Pile 


28. 


29. 


30. 


31. 


a2. 


33. 


In a potentiometer experiment the balancing with a cell 1s at 
length 240 cm. On shunting the cell with a resistance of 2Q, 
the balancing length becomes 120 cm. The internal 


resistance of the cell is [2005] 
(a) 0.5Q (b) 10 
(c) 20 (d) 40 


The resistance of hot tungsten filament is about 10 times 
the cold resistance. What will be the resistance of 100 W 


and 200 V lamp when not in use ? [2005] 
(a) 200 (b) 400 
(c) 200Q (d) 4000 


An energy source will supply a constant current into the 
load if its internal resistance is [2005] 

(a) very large as compared to the load resistance 

(b) equal to the resistance of the load 

(c) non-zero but less than the resistance of the load 

(d) zero 

The Kirchhof?'s first law (Zi=0) and second law (2iR= ZE), 

where the symbols have their usual meanings, are 

respectively based on [2006] 

(a) conservation of charge, conservation of momentum 

(b) conservation of energy, conservation of charge 

(c) conservation of momentum, conservation of charge 

(d) conservation of charge, conservatrion of energy 

A material 'B' has twice the specific resistance of 'A'. A circular 

wire made of'B' has twice the diameter of a wire made of '4'. 

then for the two wires to have the same resistance, the ratio 


/,/L, of their respective lengths must be [2006] 
(@) 1 ) 5 
: 2 
. d) 2 
() 7 (A) 


A thermocouple is made from two metals, Antimony and 
Bismuth. If one junction of the couple is kept hot and the 
other is kept cold, then, an electric current will 

[2006] 
(a) flow from Antimony to Bismuth at the hot junction 
(b) flow from Bismuth to Antimony at the cold junction 
(c) now flow through the thermocouple 
(d) flow from Antimony to Bismuth at the cold junction 
The current I drawn from the 5 volt source will be 
[2006] 


34. 


3D: 


36. 


37. 


38. 


39. 


eo. Topic-wise Solved Papers - PHYSICS 


(a) 033A (b) OSA 

(c) 0.67A (d) 0.17A 

The resistance ofa bulb filmanet is 100Q at a temperature of 
100°C. If its temperature coefficient of resistance be 0.005 
per °C, its resistance will become 200 Q at a temperature of 
(a) 300°C (b) 400°C ]2006] 
(c) 500°C (d) 200°C 

In a Wheatstone's bridge, three resistances P, O and R 
connected in the three arms and the fourth arm is formed by 
two resistances S, and S, connected in parallel. The 
condition for the bridge to be balanced will be 


12006] 
Pe 2R Pe R(S, + $5) 

(a) Q S,+S, (b) Q  SS5 
Pe R(S| + $5) Pe 

© O 25,85 Q S485 


An electric bulb is rated 220 volt - 100 watt. The power 
consumed by it when operated on 110 volt will be 
(a) 75 watt (b) 40 watt 
(c) 25 watt (d) 50 watt 
A battery is used to charge a parallel plate capacitor till the 


12006] 


potential difference between the plates becomes equal to 
the electromotive force of the battery. The ratio of the energy 
stored in the capacitor and the work done by the battery will 


be ]2007] 
(a) 1/2 (b) 1 

(c) 2 (d) 1/4 

The resistance ofa wire is 5 ohm at 50°C and 6 ohm at 100°C. 
The resistance of the wire at 0°C will be ]2007] 
(a) 30hm (b) 2ohm 

(c) lohm (d) 4ohm 


Shown in the figure below is a meter-bridge set up with null 
deflection in the galvanometer. 
55Q R 


20 cn—> 


The value of the unknown resistor R 1s ]2008] 
(a) 13.750 (b) 2200 
(c) 1100 (d) 55Q 
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DIRECTIONS : Question No. 40 and 41 are based on the following 
paragraph. 


Consider a block of conducting material of resistivity ‘p’ shown 
in the figure. Current ‘I’ enters at ‘A’ and leaves from ‘D’. We 
apply superposition principle to find voltage ‘AV’ developed 
between ‘B’ and ‘C’. The calculation is done in the following 
Steps: 


(1) 
(11) 


(itl) 
(iv) 


40. 


41. 


42. 


Take current ‘I’ entering from ‘A’ and assume it to spread 
over a hemispherical surface in the block. 

Calculate field E(r) at distance ‘r’ from A by using Ohm’s law 
E= pj, where j is the current per unit area at ‘r’. 

From the ‘r’ dependence of E(r), obtain the potential V(r) at r. 
Repeat (1), (11) and (111) for current ‘T’ leaving “D’ and superpose 
results for ‘A’ and ‘D’. 


< A->| < b> < a> 


A B GC Dp 


AV measured between B and C is [2008] 
pl ___pl pl __ pl 

(a) ta (a+b) a (a+b) 
pl __ol pl 

(c) 2nma 2n(at+b) (d) 27(a —b) 


For current entering at A, the electric field at a distance ‘7’ 


from A is [2008] 
pl pl 
b — 
@ 25 ) 
pl pl 
©) 2nr? (<) 4nr? 


A 5V battery with internal resistance 2Q and a 
2V battery with internal resistance 1Q are connected to a 
10Q resistor as shown in the figure. [2008] 


P, 


5V 
20 10Q iD 


43. 


44, 


45. 


46. 


47. 


48. 


The current in the 10Q resistor is 

(a) 0.27AP, toP, (b) 0.03 AP, to P, 

(c) 0.03AP, toP, (d) 0.27AP, toP, 

Let C be the capacitance ofa capacitor discharging through 
a resistor R. Suppose t, is the time taken for the energy 
stored in the capacitor to reduce to half its initial value and 
t, is the time taken for the charge to reduce to one-fourth its 


initial value. Then the ratiot,/t, will be ]2010] 
I b) = 

() (b) 5 
7 4) 2 

() 3 (A) 


Two conductors have the same resistance at 0°C but their 
temperature coefficients of resistance are a, and a, . The 


respective temperature coefficients of their series and parallel 


combinations are nearly ]2010] 

OQ, +Q7 QO) + A> 
(a) — 7,040 (b) O) +,——— 

2 zy, 
Oj OQ, +A, Oj, +A 

OQ, +A, d) ——~, ——_* 
(0) se, © a 2G 
If a wire 1s stretched to make it 0.1% longer, its resistance 
will: |2011] 


(a) increase by 0.2% (b) decrease by 0.2% 
(c) decrease by 0.05% (d) increase by 0.05% 
Two electric bulbs marked 25W — 220 V and 
100W — 220V are connected in series to a 440 V supply. 


Which of the bulbs will fuse? ]2012] 
(a) Both (b) 100W 
(c) 25W (d) Neither 


The supply voltage to room is 120V. The resistance of the 

lead wires is 6.2. A 60 W bulb is already switched on. What 

is the decrease of voltage across the bulb, when a 240 W 

heater is switched on in parallel to the bulb? 

(a) zero (b) 2.9 Volt |JEE Main 2013] 

(c) 13.3 Volt (d) 10.04 Volt 

This questions has Statement I and Statement II. Of the four 

choices given after the Statements, choose the one that 

best describes into two Statements. ]JEE Main 2013] 

Statement-I : Higher the range, greater is the resistance of 

ammeter. 

Statement-II : To increase the range of ammeter, additional 

shunt needs to be used across it. 

(a) Statement-I is true, Statement-II is true, Statement-II is 
the correct explanation of Statement-I. 

(b) Statement-I is true, Statement-II is true, Statement-II is 
not the correct explanation of Statement-I. 

(c) Statement-I is true, Statement-II is false. 

(d) Statement-I is false, Statement-II 1s true. 


p-128 


49. 


50. 


S1. 


In a large building, there are 15 bulbs of 40 W, 5 bulbs of 
100 W, 5 fans of 80 W and 1 heater of 1 kW. The voltage of 
electric mains is 220 V. The minimum capacity of the main fuse 


of the building will be: |JEE Main 2014] 
(a) 8A (b) 10A 
(c) 12A (d) 14A 


When SV potential difference is applied across a wire of length 
0.1 m, the drift speed of electrons is 2.5 x 10~* ms"!. If the 
electron density in the wire is 8 x 1078 m-3, the resistivity of 


the material is close to : |JEE Main 2015] 
(a) 1.6x10°Qm (b) 1.6 10° Qm 
(c) 1.6x108Qm (d) 16x 10-7Qm 


In the circuit shown, the current in the 1 resistor is : 


6V 
P 2) JJEE Main 2015] 


1Q 9V 


eo. Topic-wise Solved Papers - PHYSICS 


(a) 0.13A,fromQtoP (b) 0.13A, from PtoQ 
(c) 1.3A from P toQ (d) OA 
52. The temperature dependence of resistances of Cu and 

undoped Si in the temperature range 300-400 K, is best 
described by : [JEE Main 2016] 
(a) Linear increase for Cu, exponential decrease of S1. 
(b) Linear decrease for Cu, linear decrease for S1. 
(c) Linear increase for Cu, linear increase for Si. 
(d) Linear increase for Cu, exponential increase for Si. 
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7 Section-A 


6. 
A Fill inthe Blanks 


A neutron, a proton, and an electron and an alpha particle 
enter a region of constant magnetic field with equal velocities. 
The magnetic field is along the inward normal to the plane 
of the paper. The tracks of the particles are labelled in fig. 
The electron follows track ...... and the alpha particle follows 
track ..... (1984- 2 Marks) 
x 

x 


x x 
x x 
x BK m& BH 
x x 


A wire of length Z metre, carrying a current 1 ampere 1s bent 
in the form ofa circle. The magnitude of its magnetic moment 
1S ee in MKS units. (1987 - 2 Marks) 
In a hydrogen atom, the electron moves in an orbit ofradius 
0.5 A making 10!° revolutions per second. The magnetic 
moment associated with the orbital motion of the electron is 
seesapseas (1988 - 2 Marks) 
The wire loop PORSP formed by joining two semicircular 
wires of radii R, and R, carries a current J as shown. The 
magnitude of the magnetic induction at the centre C is 
(1988 - 2 Marks) 


CO ooo eee eeereesooeos 


S ~R C OP 
A wire ABCDEF (with each side of length L) bent as shown 
in figure and carrying a current / is placed in a uniform 
magnetic induction B parallel to the positive y-direction. 
The force experienced by the wire Is ............ in the ............. 
direction. (1990 - 2 Marks) 


Cc MCQs with One Correct Answer 


A metallic block carrying current I is subjected to a uniform 
magnetic induction B as shown in Figure. 


SI 


The moving charges experience a force F given by .... which 


results in the lowering of the potential of the face .... Assume 
the speed of the carriers to be v. (1996 - 2 Marks) 


B True/False 


No net force acts on a rectangular coil carrying a steady 
current when suspended freely in a uniform magnetic field. 

(1981- 2 Marks) 
There is no change in the energy of a_ charged particle 
moving in a magnetic field although a magnetic force 1s 
acting on it. (1983 - 2 Marks) 
A charged particle enters a region of uniform magnetic field 
atan angle of 85° to the magnetic line of force . The path of 
the particle is a circle. (1983 - 2 Marks) 
An electron and a proton are moving with the same kinetic 
energy along the same direction. When they pass through 
a uniform magnetic field perpendicular to the direction of 
their motion, they describe circular paths of the same radius. 

(1985 - 3 Marks) 


A conducting circular loop of radius r carries a constant 
current 7. It is placed in a uniform magnetic field Bo such 
that Bo is perpendicular to the plane of the loop. The 
magnetic force acting on the loop is (1983 - 1 Mark) 
(a) irB, (b) 2nirB, 

(c) zero (d) nirB, 

A battery is connected between two points A and B on the 
circumference of a uniform conducting ring of radius r and 
resistance R. One of the arcs AB of the ring subtends an 
angle 9 at the centre. The value of the magnetic induction at 
the centre due to the current in the ring is (1995S) 
(a) proportional to 2 (180° — 8) 

(b) inversely proportional tor 


(c) zero, onlyif@= 180° 
(d) zero for all values of 8 
A proton, a deuteron and an a - particle having the same 
kinetic energy are moving in circular trajectories in a constant 
magneicfidd. If r, andr denote respectively the radii 
of the trajectories éf ifvese particles, then (1997 - Imark) 
(a) r=ri<r, (b) eg ge 

(c) r ir (d) me ae 

A circular loop of radius R, carrying current J, lies in x-y 
plane with its centre at origin. The total magnetic flux through 
x-y plane is (1999S - 2 Marks) 
(a) directly proportional to J 

(b) directly proportional to R 

(c) inversely proportional to R 

(d) zero 

A charged particle is released from rest in a region of steady 
and uniform electric and magnetic fields which are parallel 
to each other. The particle will move in a (1999S - 2 Marks) 
(a) straight line (b) circle 

(c) helix (d) cycloid 

A particle of charge q and mass m moves in a circular orbit 
of radius r with angular speed w . The ratio of the magnitude 
of its magnetic moment to that of its angular momentum 
depends on (2000S) 
(a) w andg 
(c) gandm 


(b) w,gandm 
(d) wandm 


Two long parallel wires are at a distance 2d apart. They 
carry steady equal currents flowing out of the plane of the 
paper, as shown. The variation of the magnetic field B along 
the line _XX' is given by 


(2000S) 


An infinitely long conductor PQR 1s bent to form a right 
angle as shown in Figure. A current J flows through POR. 

The magnetic field due to this current at the point Mis H,. 
Now, another infinitely long straight conductor QS is 
connected at QO so that current 1s J/2 in OR as well as in QS, 
the current in PO remaining unchanged. The magnetic field 
at M is now H.. The ratio H,/H, is given by (2000S) 


(a) 1/2 
(c) 2/3 


9. 


10. 


11. 


12. 


13. 


eo. Topic-wise Solved Papers - PHYSICS 


An ionized gas contains both positive and negative ions. If 

it is subjected simultaneously to an electric field along the 

+x-direction and a magnetic field along the +z-direction, then 

(a) positive ions deflect towards +y-direction and negative 
ions towards -y direction (2000S) 

(b) allions deflect towards +y-direction 

(c) allions deflect towards —y-direction 

(d) positive ions deflect towards —y-direction and negative 
ions towards + y-direction. 

A non-planar loop of conducting wire carrying a current / is 

placed as shown in the figure. Each of the straight sections 

of the loop is of length 2a. The magnetic field due to this 

loop at the point P(a, 0, a) points in the direction (2001S) 


a) (+k) 
(d) 2 
Two particles A and B of masses m, and m, respectively 
and having the same charge are moving in a plane. A uniform 
magnetic field exists perpendicular to this plane. The speeds 
of the particles are v , and v, respectively and the trajectories 


are as shown in the figure. Then (2001S) 
- #,8 © 
e @ @ ® e 
e ® B 8 e 
e e (“ e e e 
@ e e e e 


(a) m,V,<m,V, (b) m,v,>m,V, 

(c) m,<m,andv,<v, (d) m,=m,andv,=Vv, 
A coil having N turns is wound tightly in the form ofa spiral 
with inner and outer radii a and b respectively. When a 


current J passes through the coil, the magnetic field at the 


center is (2001S) 
NI 2u NI 
(a) — (b) Sr NE 
a 
u,NI ne UplN In a 
© >6-2)  2b-a) b 


A particle of mass m and charge g moves with a constant 
velocity v along the positive x-direction. It enters a region 
containing a uniform magnetic field B directed along the 
negative z-direction, extending from x = a tox = b. The 
minimum value of v required so that the particle can just 


enter the region x > b 1s (2002S) 
qboB q(b-a)B 

@ = (b) ———— 
qaB q(b+a)B 

() = () 
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14. 


15. 


16. 


17. 


A long straight wire along the Z-axis carries a current I in the 


negative Z-direction. The magnetic vector field 9 atapoint 


having coordinates (x, y) in the Z= 0 plane is (2002S) 
unl ( yi — x Mol (xi + 7 
(a) norte —¥) (b) s d 
2n( x +y | 2n( x + y 
Mol (27 - yi) Lol (xi — yj] 
© T7323) () 73,2) 
2n( x +y | 2n( x +y?| 
The magnetic field lines due to a bar magnet are correctly 
shown in (2002S) 
N N 
(a) (b) 
S S 
N 
(Cc) (d) 
S S 


For a positively charged particle moving in a x-y plane initially 
along the x-axis, there is a sudden change in its path due to 
the presence of electric and/or magnetic fields beyond P. 
The curved path is shown in the x-y plane and is found to be 
non-circular. Which one of the following combinations is 


possible? (2003S) 
(a) E =0;B =bi+ck 
(b) E =ai:B =ck+ai : 

pl x 


(c) E =0;B =cj+bk 7 


(d) E =ai;B =ck+bj 
A conducting loop carrying a current /is placed in a uniform 
magnetic field pointing into the plane of the paper as shown. 
The loop will have a tendency to (2003S) 


(a) contract (b) expand 
(c) move towards +vex-axis (d) move towards -ve x-axis. 


18. 


19. 


20. 


P-131 


A current carrying loop is placed in a uniform magnetic field 
in four different orientations, I, II, III & IV arrange them in 


the decreasing order of Potential Energy (2003S) 


Ae A a = Wwaiwwst WYS4A 42 VY Owes 


(a) I>IN>0>IV (b) I>II>II>IV 
(c) I>IV>I> I (d) II>IV>I>I 
An electron travelling with a speed u along the positive x- 


axis enters into aregion of magnetic field where B =—B, k 
(x >Q). It comes out of the region with speed v then (2004S) 


(a) v=uaty>0 yt OB 
(b) v=uaty<0 = 
(c) v>uaty>0 
(d) v>uaty<0 


xX —> 


A magnetic field B = ByJ , exists in the region a < x < 2a, 


and B= —Byj , In the region 2a < x < 3a, where B, isa 
positive constant. A positive point charge moving with a 
velocity v = Vol , where v, is a positive constant, enters the 


magnetic field at x = a. The trajectory of the charge in this 
region can be like (2007) 


(a) pam (b) a 2aba 
(c) po (d) a, 


—Bo 
a 
a 


v4 


ZZ. 


2: 


24. 


A thin flexible wire of length L is connected to two adjacent 
fixed points and carries a current I in the clockwise direction, 
as Shown in the figure. When the system 1s put in a uniform 
magnetic field of strength B going into the plane of the 
paper, the wire takes the shape of a circle. The tension in the 


wire 1S (2010) 


IBL IBL 


Oo, Oar 
A long insulated copper wire is closely wound as a spiral of 


IBL 

(a) IBL (b) —— 
T 

‘N’ turns. The spiral has inner radius ‘a’ and outer radius 

‘b’. The spiral lies in the XY plane and a steady current ‘IP 

flows through the wire. The Z-component of the magnetic 


field at the centre of the spiral is (2011) 


Ho! 
) 5 b-a) 
Ho NI 
©) 2(b-a 
NI 
() oe ( 
Ho NI 
(d) 


A loop carrying current / lies in the x-y plane as shown in 


the figure. The unit vector k is coming out of the plane of 
the paper. The magnetic moment of the current loop 1s 
(2012) 


@) atk y 
(b) (Zs) ar ht 

| x 
(c) -(E+i}ark Pe 


(d) (2m+1)a7Ik 

An infinitely long hollow conducting cylinder with inner 
radius R/2 and outer radius R carries a uniform current 
density along its length. The magnitude of the magnetic 


field, 
is best represented by 


@) | 4\_® | ZZ 
0 


0 R/2 R 


©) | —N\_ @ | {-— 
3 0 


0 Rp RT 


B| asa function of the radial distance r from the axis 
(2012) 


1pm MCQs with One or More than One Correct 


Topic-wise Solved Papers - PHYSICS 


A magnetic needle is kept in anon uniform magnetic field. It 
experiences (1982 - 3 Marks) 
(a) a force and a torque 
(b) a force but not a torque 
(c) atorque but not a force 
(d) neither a force nor a torque 
A proton moving with a constant velocity passes through 
a region of space without any change in its velocity. If E 
and B represent the electric and magnetic fields 
respectively, this region of space may have : 

(1985 - 2 Marks) 
(a) E=0,B=0 (b) E=0,Bz0 
(c) £ z0,B=0 (d) E+0,Bz0 
A rectangular loop carrying a current 7 1s situated near a 
long straight wire such that the wire 1s parallel to one of the 
sides of the loop and is in the plane of the loop. If steady 
current /1is established in the wire as shown in the figure, 
the loop will : (1985 - 2 Marks) 


(a) rotate about an axis parallel to the wire 

(b) move away from the wire 

(c) move towards the wire 

(d) remain stationary 

Two thin long parallel wires seperated by a distance “b’ are 

carrying a current ‘i’ amp each. The magnitude of the force 

per unit lenght exerted by one wire on the other 1s 

> 2 _ (1986 - 2 Marks) 
Hol Ho Hol Mol 

@ - OF Of 55 

Two particles _X and Y having equal charges, after being 

accelerated through the same potential difference, enter a 

region of uniform magnetic field and describe circular paths 

of radii R, and R, respectively. The ratio of the mass of X to 


that of Yis (1988 - 2 Marks) 
(a) (R,/Ry)'’? (b) R/R; 
(c) (R,/Ry)! (d) R,/R>. 


A particle of charge + g and mass m moving under the 
influence of a uniform electric field Zi and uniform magnetic 
field Bk follows a trajectory from P to Q as shown in fig. 
The velocities at P and Q are vi and — 2vj . Which of the 
following statement (s) is/are correct? (1991 - 2 Marks) 
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10. 


11. 


EZ; 


3| mv? 
pa. 
(a) r | - | 
: 3) mv 
(b) Rate of work done by the electric field at P is aa 
a 


(c) Rate of work done by the electric field at P is zero 
(d) Rate of work done by both the fields at QO is zero 


A microameter has a resistance of 100Q and a full scale 
range of 50 A . It can be used as a voltmeter or as a higher 


range ammeter provided a resistance is added to it. Pick the 
correct range and resistance combination (s) 

(1991 - 2 Marks) 
(a) 50 Vrange with 10 kQ resistance in series 
(b) 10 V range with 200 kQ resistance in series 
(c) SmA range with 1Q resistance in parallel 
(d) 10mA range with 1Q resistance in parallel 
A current I flows along the length of an infinitely long, 
straight, thin-walled pipe. Then (1993-2 Marks) 
(a) the magnetic field at all points inside the pipe is the 

same, but not zero. 
(b) the magnetic field at any point inside the pipe is zero 
(c) the magnetic field 1s zero only on the axis of the pipe 
(d) the magnetic field is different at different points inside 
the pipe. 

H*, He* and O* all having the same kinetic energy pass 
through a region in which there is a uniform magnetic field 
perpendicular to their velocity. The masses of H*, He* and 
O** are 1 amu, 4 amu and 16 amu respectively. Then 

(1994 - 2 Marks) 
(a) H* will be deflected most 
(b) O** will be deflected most 
(c) Het and O* will be deflected equally 
(d) all will be deflected equally 
Two particles, each of mass m and charge gq, are attached to 
the two ends of a light rigid rod of length 2R. The rod is 
rotated at constant angular speed about a pependicular axis 
passing through its centre. The ratio of the magnitudes of 
the magnetic moment of the system and its angular 
momentum about the centre of the rod is (1998S - 2 Marks) 

2 

a wo» + © + (@ + 


2m m m ™m 
Two very long, straight, parallel wires carry steady currents 


I & -I respectively. The distance between the wires is d. At 

a certain instant of time, a point charge q is at a point 

equidistant from the two wires, in the plane of the wires. Its 

instantaneous velocity v is perpendicular to this plane. The 

magnitude of the force due to the magnetic field acting on 

the charge at this instant is (1998S - 2 Marks) 
Holgv Lolav 2uUolqv 

Oo, © -. © =, Oe 

The following field line can never represent (2006 - 5M, —1) 

(a) induced electric field 

(b) magnetostatic field 

(c) gravitational field ofa mass at rest 

(d) electrostatic field 


13. 


14. 


15. 


A long current carrying wire, carrying current I, such that I, 
is flowing out from the plane of paper is placed at O. A 
steady state current /, is flowing in the loop ABCD 

(2006 - 5M, -1) 


(a) the net force is zero 

(b) the net torque is zero 

(c) asseen from O, the loop will rotate in clockwise along 
OO' axis 

(d) as seen from O, the loop will rotate in anticlockwise 
direction along OO' axis 

A particle of mass m and charge q, moving with velocity v 

enters Region II normal to the boundary as shown in the 

figure. Region II has a uniform magnetic field B perpendicu- 

lar to the plane of the paper. The length of the Region II is ¢ 

Choose the correct choice(s). (2008) 


Region II; Region III 


Region I 
xX XX XK XK X 
Xx KX XK XK X 
Xx XX XK XK X 


V xX XX XK XK X 


xX KX XK XK X 


t 
(a) The particle enters Region III only if its velocity 
q¢B 
v>— 


m 
(b) The particle enters Region III only if its velocity 
q’B 
vV<— 


m 
(c) Path length ofthe particle in Region II is maximum when 


q’B 

velocity V= ™ 
(d) Time spent in Region II is same for any velocity v as 

long as the particle returns to Region I 
Two metallic rings A and B, identical in shape and size but 
having different resistivities p , and pp, are kept on top of 
two identical solenoids as shown in the figure. When current 
I is switched on in both the solenoids in identical manner, 
the rings A and B jump to heights h, and hp, respectively, 
with h, > hp. The possible relation(s) between their 
resistivities and their masses m,andmpis(are) (2009) 

A 


(a) p,>ppandm,=m, (b) p,<ppandm,=m 
A~ PB A” Mp A~ PB A 
(c) p,>pzandm,>m, (d) p,<ppzandm,<m, 


p-134 
16. 


17. 


18. 


19. 


20. 


An electron and a proton are moving on straight parallel 
paths with same velocity. They enter a semi infinite region 
of uniform magnetic field perpendicular to the velocity. 
Which of the following statement(s) is/aretrue? (2011) 
(a) They will never come out of the magnetic field region. 
(b) They will come out travelling along parallel paths. 

(c) They will come out at the same time. 

(d) They will come out at different times. 

Consider the motion of a positive point charge in a region 
where there are simultaneous uniform electric and magnetic 


fields E = Eoj and B= Boj. At time t= 0, this charge has 


velocity @ in the in the x-y plane, making an angle 8 with the 
x-axis. Which of the following option(s) is (are) correct for 
time t> 0? (2012) 
(a) If@=0°, the charge moves in a circular path in the x-z 
plane. 

If 8 = 0°, the charge undergoes helical motion with 
constant pitch along the y-axis. 

(c) If@=10°, the charge undergoes helical motion with its 
pitch increasing with time, along the y-axis. 

If 6 = 90°, the charge undergoes linear but accelerated 
motion along the y-axis. 

A particle of mass M and positive charge Q, moving with a 


(b) 


(d) 


constant velocity 7, = 4i ms~!, enters a region of uniform 


static magnetic field, normal to the x-y plane. The region of 
the magnetic field extends from x = 0 tox =L for all values of 
y. After passing through this region, the particle emerges on 
the other side after 10 milliseconds with a velocity 


Uy = 2(V3i +f) ms !. The correct statement(s) is (are) 


(JEE Ady. 2013) 
(a) The direction of the magnetic field 1s — z direction 
(b) The direction of the magnetic field is +z direction 


50™M 
30 


1007M 
(d) The magnitude of the magnetic field is a 


(c) The magnitude of the magnetic field units 


units 


A steady current I flows along an infinitely long hollow 
cylindrical conductor of radius R. This cylinder is placed 
coaxially inside an infinite solenoid of radius 2R. The 
solenoid has n turns per unit length and carries a steady 
current I. Consider a point P at a distance r from the common 
axis. The correct statement(s) is (are) (JEE Ady. 2013) 
(a) Intheregion 0<r<R, the magnetic field 1s non-zero 
(b) Intheregion R<r<2R, the magnetic field is along the 
common axis 
(c) Intheregion R<r<2R, the magnetic field 1s tangential 
to the circle of radius r, centered on the axis 
(d) Inthe region r>2R, the magnetic field is non-zero 
A conductor (shown in the figure) carrying constant current 
Tis kept in the x-y plane in auniform magnetic field B. If Fis 
the magnitude of the total magnetic force acting on the 
conductor, then the correct statement(s) 1s(are) 


(JEE Adv. 2015) 


21. 
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(a) If B isalong z,F«<(L+R) 


(b) If B isalong ,F=0 
(c) If B isalong p,Fo(L+R) 
(d) If B isalong z,F=0 


Consider two identical galvanometers and two identical 
resistors with resistance R. If the internal resistance of the 
galvanometers R.. < R/2, which of the following statement(s) 
about any one of the galvanometers is (are) true? 

(JEE Ady. 2016) 
(a) The maximum voltage range is obtained when all the 
components are connected in series 
The maximum voltage range is obtained when the two 
resistors and one galvanometer are connected in series, 
and the second galvanometer is connected in parallel 
to the first galvanometer 
(c) The maximum current range is obtained when all the 
components are connected in parallel 
The maximum current range is obtained when the two 
galvanometers are connected in series and the 
combination is connected in parallel with both the 
resistors 


(d) 


E Subjective Problems 


A bar magnet with poles 25 cm apart and of strength 14.4 
amp-m rests with centre on a frictionless pivot. It is held in 
equilibrium at an angle of 60° with respect to a uniform 
magnetic field of induction 0.25 Wb/m2, by applying a force 
F at right angles to its axis at a point 12 cm from pivot. 
Calculate F. What will happen if the force F' 1s removed? 
(1978) 
A bar magnet is placed with its north pole pointing north 
and its south pole pointing south. Draw a figure to show 
the location of neutral points. (1979) 
A potential difference of 600 volts is applied across the 
plates ofa parallel plate condenser. The separation between 
the plates is 3 mm. An electron projected vertically, parallel 
to the plates, with a velocity of 2 x 10° m/sec moves 
undeflected between the plates. Find the magnitude and 
direction of the magnetic field in the region between the 
condenser plates. (Neglect the edge effects). (Charge of the 
electron =— 1.6 x 10-!? coulomb) (1981- 3 Marks) 


600 VOLTS 


+++4+444+ 


moni 
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A particle ofmass m= 1.6 x 10-°’kg and 


charge g=1.6 x 10-!?C enters a region xox xR x 
of uniform magnetic field of strength EF) * 23 
1 tesla along the direction shown in nnn 
fig. The speed of the particle is 10’ m/ EI}. : : : : 
s. (1) The magnetic field is directed See es 
along the inward normal tothe plane “9 lx « « « « 


of the paper. The particle leaves the region of the field at the 
point F’. Find the distance EF and the angle 8. (11) If the 
direction of the field is along the outward normal to the 
plane of the paper, find the time spent by the particle in the 
region of the magnetic field after entering it at E. 
(1984-8 Marks) 
A beam of protons with a velocity 4 x 10° m/sec enters a uniform 
magnetic field of 0.3 tesla at an angle of 60° to the magnetic 
field. Find the radius of the helical path taken by the proton 
beam. Also find the pitch of the helix (which is the distance 
travelled by a proton in the beam parallel to the magnetic field 
during one period of rotation). (1986 - 6 Marks) 
Two long straight parallel wires are 
2 metres apart, perpendicular to the 
plane of the paper (see figure). The 
wire A carries a current of 9.6 amps, ei 
directed into the plane of the paper. . 
The wire B carries a current such | 
3 


a 
that the magnetic field of induction B a 
at the point P, at a distance of — « - 
11 
metre from the wire B, is zero. i} 
Find : (1987 - 7 Marks) P 


(i) The magnitude and direction of the current in B. 
(i) The magnitude of the magnetic field of induction at the 
point S. 

(1) The force per unit length on the wire B. 
A pair of stationary and infinitely long bent wires are placed 
in the XY plane as shown in fig. The wires carry currents of 
i= 10 amperes each as shown. The segments LZ and M are 
along the X-axis. The segments P and Q are parallel tothe Y- 
axis such that OS = OR = 0.02 m. Find the magnitude and 
direction of the magnetic induction at the origin O. 

(1989 - 6 Marks) 


Two long parallel wires carrying current 2.5 amperes and I 
ampere in the same direction (directed into the plane of the 
paper ) are held at P and Q respectively such that they are 
perpendicular to the plane of paper. The points P and Q are 


10. 


11. 


located at a distance of 5 metres and 2 metres respectively 
from a collinear point R (see figure) (1990 - 8 Marks) 


<_2m-> 
P Q R 
—--@----@----O--. i. >x 
2.5A IA 


(i) Anelectron moving with a velocity of 4 x 10° m/s along 
the positive x - direction experiences a force of 
magnitude 3.2 x 10-9 N at the point R. Find the value 
of I. 

(i) Find all the positions at which a third long parallel wire 
carrying a current of magnitude 2.5 amperes may be 
placed so that the magnetic induction at R is zero. 

A wire loop carrying a current I is placed in the x-y plane as 

shown in fig. (1991 -4+ 4 Marks) 


* 
~ - 
a 
"awa 


(a) Ifa particle with charge +Q and mass m 1s placed at the 
centre P and given a velocity y along NP (see figure), 


find its instantaneous acceleration. 
(b) If an external uniform magnetic induction field 


B = Bi is applied, find the force and the torque acting 


on the loop due to this field. 
A straight segment OC (of length L meter) of a circuit carrying 
a current / amp 1s placed along the x-axis (Fig.). Two infinetely 
long straight wires A and B, each extending from z= —© to 
+oo , are fixed at y=—a meter and y= + a meter respectively, 
as shown in the figure. 


Ifthe wires A and B each carry a current / amp into the plane 
of the paper, obtain the expression for the force acting on 
the segment OC. What will be the force on OC if the current 
in the wire B is reversed ? (1992 - 10 Marks) 
An electron gun G emits 

electrons of energy 2keV 
travelling in the positive x- 
direction. The electrons are 
required to hit the spot S where 
GS= 0.1m, and the line GS makes 
an angle of 60° with the x-axis as 
shown in the fig. A uniform 


magnetic field B parallel to GS exists. Find B parallel to 
GS exists in the region outside the electron gun. Find the 
minimum value of B needed to make the electrons hit S. 


(1993-7 Marks) 


12. 


13. 


14. 


15. 


A long horizontal wire AB, which is free to move in a vertical 
plane and carries a steady current of 20A, is in equilibrium at 
a height of 0.01 m over another parallel long wire CD which 
is fixed in a horizontal plane and carries a steady current of 
30A, as shown in figure . Show that when AB 1s slightly 
depressed, it executes simple harmonic motion. Find the 
period of oscillations. (1994 - 6 Marks) 


A-—————— B 


C————D 
An electron in the ground state of hydrogen atom is 
revolving in anticlock-wise direction in a circular orbit of 
radius R. (1996 - 5 Marks) 
(i) Obtain an expression for . 
the orbital magnetic 
dipole moment of the 
electron. n 
(ii) The atom is placed in a 
uniform magnetic 


B 


induction B such that 
the plane-normal of the 
electron-orbit makes an 
angle of 30° with the 
magnetic induction. Find 
the torque experienced 
by the orbiting electron. 


Three infinitely long thin wires, each carrying current 1 in 

the same direction, are in the x-y plane of a gravity free 

space. The central wire is along the y-axis while the other 
two are along x=+d. 

(i) Find the locus of the points for which the magnetic 
field B is zero. (1997 - 5 Marks) 

(i) Ifthe central wire is displaced along the Z-direction by 
a small amount and released, show that it will execute 
simple harmonic motion. If the linear density of the 
wires is A, find the frequency of oscillation. 

A uniform, constant 

magnetic field B is directed 

at an angle of 45° to the x 

axis in the xy-plane. PORS 

is a rigid, square wire frame 

carrying a steady current J, 

with its centre at the origin 

O. At time t= 0, the frame is 

at rest in the position as 

shown in Figure, with its J 

sides parallel to the x and y axes. Each side of the frame is of 

mass M and length L. 

(a) What is the torque t about O acting on the frame due 
to the magnetic field? 

(b) Find the angle by which the frame rotates under the 
action of this torque in a short interval of time Az, and 
the axis about this rotation occurs. (Az is so short that 
any variation in the torque during this interval may be 
neglected.) Given : the moment of inertia of the frame 
about an axis through its centre perpendicular to its 


4 
plane is ML’. (1998 - 8 Marks) 
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16. The region between x = 0 and x = L 1s filled with uniform, 


17. 


18. 


steady magnetic field Bok . A particle of mass m, positive 


charge q and velocity Vol travels along x-axis and enters 


the region of the magnetic field. Neglect gravity throughout 

the question. (1999 - 10 Marks) 

(a) Find the value of L if the particle emerges from the 
region of magnetic field with its final velocity at angle 
30° to its initial velocity. 

(b) Find the final velocity of the particle and the time spent 
by it in the magnetic field, if the magnetic field now 
extends up to 2.1L. 

A circular loop of radius R is bent along a diameter and 

given a shape as shown in the figure. One of the semicircles 

(KNM) lies in the x-z plane and the other one (KZ) in the y- 

z plane with their centres at the origin. Current / 1s flowing 

through each of the semi circles as shown in figure. 


(a) A particle of charge gq is released at the origin with a 


velocity v = Vy i . Find the instantaneous force F 
on the particle. Assume that space 1s gravity free. 


(b) Ifan external uniform magnetic field Bj is applied, 
determine the force F and Fy on the semicircles KIM 


and KNM due to the field and the net force F onthe 


loop. (2000 - 10 Marks) 
A current of 10 A flows around a closed path in a circuit 
which is in the horizontal plane as shown in the figure. The 
circuit consists of eight alternating arcs of radii r, = 0.08 m 
and r, = 0.12 m. Each are subtends the same angle at the 
center. 


(a) Find the magnetic field produced by this circuit at the 
center. (2001-10 Marks) 

(b) An infinitely long straight wire carrying a current of 10 
A is passing through the center of the above circuit 
vertically with the direction of the current being into 
the plane of the circuit. What is the force acting on the 
wire at the center due to the current in the circuit? 
What is the force acting on the arc AC and the straight 
segment CD due to the current at the center? 
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19. A wheel of radius R having charge Q, uniformly distributed 
on the rim of the wheel is free to rotate about a light horizontal 
rod. The rod is suspended by light inextensible strings and 
a magnetic field B is applied as shown in the figure. The 
initial tensions in the strings are 7). If the breaking tension 


37 ; 
of the strings are , find the maximum angular velocity 


@®, with which the wheel can be rotated. (2003 - 4 Marks) 


F Match the Following 


a 


20. A proton and an a-particle are accelerated with same 
potential difference and they enter in the region of constant 
magnetic field B perpendicular to the velocity of particles. 
Find the ratio of radius of curvature of proton to the radius 
of curvature of o - particle. (2004 - 2 Marks) 

21. Ina moving coil galvanometer, torque on the coil can be 
expressed as + = &j , where 1is current through the wire and 
kis constant. The rectangular coil of the galvanometer having 
number of turns N, area A and moment of inertia / is placed 
in magnetic field B. Find (2005 - 6 Marks) 
(a) kin terms of given parameters N, J, A and B 
(b) the torsion constant of the spring, if a current i, 

produces a deflection of 1/2 in the coil. 

(c) themaximum angle through which the coil is deflected, 
if charge Q is passed through the coil almost 
instantaneously. (ignore the damping in mechanical 
oscillations). 


DIRECTIONS (Qs. 1-3) : Each question contains statements given in two columns, which have to be 
matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-II are 
labelled p, q, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 
have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-q andr; C-p and q; and D-s then the correct darkening of 


bubbles will look like the given. 


1. Match the following columns : (2006, 6M) 

Column I Column II 

(A) Dielectric ring uniformly charged (p) Constant electrostatic field out of system 

(B) Dielectric ring uniformly charged (q) Magnetic field strength 
rotating with angular velocity w 

(C) Constant current in ring 1 (r) Electric field (induced) 

(D) 1=1,cosat (s) Magnetic dipole moment 

Z Column I gives certain situations in which a straight metallic wire of resistance R is used and Column II gives some resulting 


effects. Match the statements in Column I with the statements in Column II and indicate your answer by darkening appropriate 


bubbles in the 4 x 4 matrix given in the ORS. 
Column I 

(A) A charged capacitor is connected to the ends of 
the wire 

(B) The wire is moved perpendicular to its length with 
a constant velocity in a uniform magnetic field 
perpendicular to the plane of motion 

(C) The wire is placed in a constant electric field that 
has a direction along the length of the wire 

(D) A battery of constant emf is connected to the 
ends of the wire. 


(2007) 
Column II 
(p) A constant current flows through the wire 


(q) Thermal energy is generated in the wire 


(r) A constant potential difference develops between the ends 
of the wire 

(s) charges of constant magnitude appear at the ends of the 
wire 


Two wires each carrying a steady current I are shown in four configurations in Column I. Some of the resulting effects are 


described in Column II. Match the statements in Column I with the statements in column II and indicate your answer by 


darkening appropriate bubbles in the 4 x 4 matrix given in the ORS. 


Column I 
(A) Point P is situated midway between the wires. 
—————_—_—_—_————---- 


Pe 
oS —————— J as we 


(2007) 
Column II 
(p) The magnetic fields (B) at P due to the currents 


in the wires are 1n the same direction. 


P-138 


(B) Point P is situated at the mid-point of the 
line joining the centers of the circular 
wires, which have same radii. 


(C) Point P is situated at the mid-point of the 
line joining the centers of the circular 
wires, which have same radii. 


P 


(D) Point P is situated at the common center 
of the wires. 
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PASSAGE-1 


Advanced countries are making use of powerful electromagnets 
to move trains at very high speed. These trains are called maglev 
trains (abbreviated from magnetic levitation). These trains float 
on a guideway and do not run on steel rail tracks. 
Instead of using a engine based on fossil fuels, they make use of 
magnetic field forces. The magnetized coils are arranged in the 
guide way which repels the strong magnets placed in the train's 
under carriage. This helps train move over the guideway , a technic 
called electro-dynamic suspension. When current passes in the 
coils of guideway , a typical magnetic field is set up between the 
undercarriage of train and guideway which pushes and pull the 
train along the guideway depending on the requirement. 
The lack of friction and its aerodynamic style allows the train to 
more at very high speed. 
1.‘ The levitation of the train is due to (2006 - 5M, —2) 
(a) Mechanical force (b) Electrostatic attraction 
(c) Electrostaticrepulsion (d) Magnetic repulsion 
2. The disadvantage of maglev trains is that (2006 - 5M, —2) 
(a) More friction (b) Less pollution 
(c) Less wear & tear (d) High initial cost 
3. | The force which makes maglev move (2006 - 5M, —2) 
(a) Gravitational field (b) Magnetic field 
(c) Nuclear forces (d) Aur drag 
PASSAGE-2 
The figure shows a circular loop of radius a with two long parallel 
wires (numbered 1 and 2) all in the plane of the paper. The distance 
of each wire from the centre of the loop is d. The loop and the wire 
are carrying the same current /.The current in the loop is in the 
counterclockwise direction 1f seen from above. 
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(q) The magnetic fields (B) at P due to the currents 
in the wires are in opposite directions. 


(r) There is no magnetic field at P. 


(s) The wires repel each other. 


i 

4. When d ~ a but wires are not touching the loop, it 1s found 
that the net magnetic field on the axis of the loop 1s zero at a 
height h above the loop. In that case (JEE Ady. 2014) 
(a) current in wire | and wire 2 in the direction PQ and RS, 


respectively and hzxa 
(b) currentin wire | and wire 2 in the direction PQ and SR, 


respectively and hzxa 
(c) current in wire | and wire 2 in the direction PQ and SR, 


respectively and h ~1.2a 
(d) currentin wire | and wire 2 in the direction PQ and RS, 


respectively and hx 1.2a 
5. Consider d >> a, and the loop is rotated about its diameter 
parallel to the wires by 30° from the position shown in the 
figure. If the currents in the wires are in the opposite 
directions, the torque on the loop at its new position will be 
(assume that the net field due to the wires is constant over 


the loop). (JEE Ady. 2014) 

i: 22 
(a) Hola (b) Hola 

d 2d 

V3 17a" V3 17a" 

(c) (d) 

d 2d 

PASSAGE-3 


In a thin rectangular metallic strip a constant current / flows along 
the positive x-direction, as shown in the figure. The length, width 
and thickness of the strip are ¢, w and d, respectively. 

A uniform magnetic field B is applied on the strip along the 
positive y-direction. Due to this, the charge carriers experience a 
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net deflection along the z-direction. This results in accumulation 
of charge carriers on the surface PORS and appearance of equal 
and opposite charges on the face opposite to PORS. A potential 
difference along the z-direction is thus developed. Charge 
accumulation continues until the magnetic force is balanced by 
the electric force. The current is assumed to be uniformly 
distributed on the cross-section of the strip and carried by 
electrons. 


6. Consider two different metallic strips (1 and 2) of the same 
material. Their lengths are the same, widths are w, and w, 
and thicknesses are d, and d, respectively. Two points K 
and M are symmetrically located on the opposite faces parallel 
to the x-y plane (see figure). V, and V, are the potential 
differences between K and M in strips 1 and 2, respectively. 
Then, for a given current I flowing through them in a given 
magnetic field strength B, the correct statement(s) 1s(are) 

(JEE Ady. 2015) 
(a) Ifw, =w, and d, =2d,, then V,=2V, 
(b) Ifw, =w, and d, = 2d,, then V,=V, 
(c) Ifw, =2w, andd, =d,, then V,=2V, 
(d) Ifw, =2w, and d, =d),, then V,=V, 

7. Consider two different metallic strips (1 and 2) of same 
dimensions (length /, width w and thickness d) with carrier 
densities n, and n,, respectively. Strip 1 is placed in magnetic 
field B, and strip 2 is placed in magnetic field B,, both along 
positive y-directions. Then V, and V, are the potential 
differences developed between K and M in strips 1 and 2, 
respectively. Assuming that the current J is the same for 
both the strips, the correct option(s) is(are) (JEE Adv. 2015) 
(a) IfB, =B, andn, =2n,, then V,=2V, 

(b) IfB, =B, andn, =2n,, then V,=V, 
(c) IfB, =2B, andn, =n, then V,=0.5V, 
(d) IfB, =2B, andn, =n,, then V,=V, 


H Assertion & Reason Type Questions 


1. Statement-1 : The sensitivity ofa moving coil galvanometer 
is increased by placing a suitable magnetic material as a 
core inside the coil. 
and 
Statement-2 : Soft iron has a high magnetic permeability 
and cannot be easily magnetized or demagnetized. (2008) 
(a) Statement-1 is True, Statement-2 is True; Statement-2 

is a correct explanation for Statement-1 


I 


(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement -1 is True, Statement-2 is False 

(d) Statement -1 is False, Statement-2 is True 


Integer Value Correct Type 


A steady current J goes through a wire loop PQR having 
shape of a right angle triangle with PQ= 3x, PR=4x and QR 
= 5x. If the magnitude of the magnetic field at P due to this 


loop is K{ ot | , find the value of k. (2009) 
48nx 


A long circular tube of length 10 m and radius 
0.3 m carries a current J along its curved 
surface as shown. A wire-loop of resistance 
0.005 ohm and ofradius 0.1 m 1s placed inside 


the tube with its axis coinciding with the axis 


of the tube. The current varies as /= J,cos(300 ¢) where I, is 
constant. If the magnetic moment of the loop is Nu,/,sin 
(300 £), then ‘N’ is (2011) 


A cylindrical cavity of diameter a exists inside a cylinder of 
diameter 2a as shown in the figure. Both the cylinder and 
the cavity are infinity long. A uniform current density J flows 
along the length. If the magnitude of the magnetic field at 


N 
the point P is given by rey Loa], then the value of N is 


(2012) 


<— 24 ——— 
Two parallel wires in the plane of the paper are distance Xp 
apart. A point charge is moving with speed u between the 
wires in the same plane at a distance X, from one of the 
wires. When the wires carry current of magnitude / in the 
same direction, the radius of curvature of the path of the 
point charge is R,. In contrast, if the currents / in the two 
wires have directions opposite to each other, the radius of 


X, R,. 
curvature of the path is R,. If ~9 — 3, the value of <1 is 
x Ry 


(JEE Adv. 2014) 
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Bl Section-B 


I. 


Ifin a circular coil A of radius R, current J is flowing and in 

another coil B of radius 2R a current 2/ is flowing, then the 

ratio of the magnetic fields B, and B,, produced by them 

will be [2002] 

(a) 1 (b) 2 (c) 12 (d) 4 

If an electron and a proton having same momenta enter 

perpendicular to a magnetic field, then [2002] 

(a) curved path of electron and proton will be same 
(ignoring the sense of revolution) 

(b) they will move undeflected 

(c) curved path of electron is more curved than that of the 
proton 

(d) path of proton is more curved. 

Wires | and 2 carrying currents i, and i, respectively are 

inclined at an angle 9 to each other. What is the force on a 

small element d/ of wire 2 at a distance of r from wire 1 (as 

shown in figure) due to the magnetic field of wire 1? 

[2002] 


Ho .. , 
@) 0 ji ditane (0) ~~ ~iip dl sin® 
Tr 2mr 


(c) + ii) dicos®  (d) isi dl sin® 

2ur Aur 
The time period of a charged particle undergoing a circular 
motion in a uniform magnetic field is independent of its 
(a) speed (b) mass [2002] 
(c) charge (d) magnetic induction 
A particle of mass M and charge Q moving with velocity 
v describe a circular path of radius R when subjected to a 
uniform transverse magnetic field of induction B. The work 
done by the field when the particle completes one full circle 


i: 12003] 
2 

(a) ae 2nR (b) zero 

(c) BO2nR (d) BOv2nR 


A particle of charge -16x107!® coulomb moving with 


velocity 10ms~! along the x-axis enters a region where a 
magnetic field of induction B is along the y-axis, and an 


electric field of magnitude10*V/m_ is along the negative 
z-axis. If the charged particle continues moving along the 
x-axis, the magnitude of Bis [2003] 


(a) 10°Wb/m? (b) 10°Wb/m? 
(c) 10! p/m? (d) 10-3 Wb/m? 


7. 


10. 


11. 


12. 


13. 


14. 


A thin rectangular magnet suspended freely has a period of 
oscillation equal to 7. Now it is broken into two equal halves 
(each having half of the original length) and one piece is 
made to oscillate freely in the same field. If its period of 


oscillation is T', the ratio —1s 


12003] 


l 1 l 
a) —-= (b) — c) 2 d) — 
(a) 2/2 (b) ; (Cc) (d) r 
A magnetic needle lying parallel to a magnetic field requiers 


W units of work to turn it through 60° . The torque needed 


to maintain the needle in this position will be ]2003] 
(a) V3W (b)W (c) By (d) 2W 
The magnetic lines of force inside a bar magnet |2003] 


(a) are from north-pole to south-pole of the magnet 
(b) donot exist 
(c) depend upon the area of cross-section of the bar magnet 
(d) are from south-pole to north-pole of the Magnet 
Curie temperature 1s the temperature above which 

]2003] 
(a) aferromagnetic material becomes paramagnetic 
(b) aparamagnetic material becomes diamagnetic 
(c) aferromagnetic material becomes diamagnetic 
(d) aparamagnetic material becomes ferromagnetic 
A current i ampere flows along an infinitely long straight 
thin walled tube, then the magnetic induction at any point 


inside the tube is ]2004] 
Ho 2 
—.— tesla 

(a) rae (b) zero 
a 2i 

(c) infinite (d) = tesla 


A long wire carries a steady current. It is bent into a circle of 
one turn and the magnetic field at the centre of the coil is B. 
It is then bent into a circular loop of n turns. The magnetic 
field at the centre of the coil will be ]2004] 
(a) 2nB- (b) n’*B (c) nB (d) 2n?B 
The magnetic field due to a current carrying circular loop of 
radius 3 cm at a point on the axis at a distance of 4 cm from the 
centre is 54 u7. What will be its value at the centre of loop? 
]2004| 
(a) 125u7 (b) 150ur) 0c) 250uT) 6d) 75ST 
Two long conductors, separated by a distance d carry current 
[, and I, in the same direction. They exert a force F’ on each 
other. Now the current in one of them is increased to two 
times and its direction is reversed. The distance is also 
increased to 3d. The new value of the force between them 1s 
]2004] 


F 
(d) - > 


2F F 
(a) - 3 (b) ry (c) -2F 5 
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15. 


16. 


17. 


18. 


19. 


20. 


pA 


22. 


The length of a magnet is large compared to its width and 
breadth. The time period of its oscillation in a vibration 
magnetometer is 2s. The magnet is cut along its length into 
three equal parts and these parts are then placed on each 
other with their like poles together. The time period of this 


combination will be [2004] 
Bs ) = 2 +s 
@ wW3s &) 7s © 2s WF 


The materials suitable for making electromagnets should 
have [2004] 
(a) high retentivity and low coercivity 

(b) lowretentivity and low coercivity 

(c) high retentivity and high coercivity 

(d) lowretentivity and high coercivity 

Two concentric coils each of radius equal to 2 x cm are placed 
at right angles to each other. 3 ampere and 4 ampere are the 
currents flowing in each coil respectively. The magnetic 


induction in Weber / m2 at the centre of the coils will be 


(Ho = 4n x 1077 Wb/ A.) [2005] 
(a) 10> (b) 12x10 (©) 7x10? (d) 5x10> 
A charged particle of mass m and charge g travels on a 
circular path of radius r that is perpendicular to a magnetic 
field B. The time taken by the particle to complete one 


revolution is [2005] 
2nq°B 2mmq 2mm 2nqB 
@ “~-® — © — @o© = 
m B qB m 
A magnetic needle is kept in anon-uniform magnetic field. It 
experiences [2005] 


(a) neither a force nor a torque 

(b) a torque but not a force 

(c) a force but not a torque 

(d) a force and a torque 

A uniform electric field and a uniform magnetic field are 
acting along the same direction in a certain region. If an 
electron is projected along the direction of the fields with a 
certain velocity then [2005] 
(a) its velocity will increase 

(b) Its velocity will decrease 

(c) it will turn towards left of direction of motion 

(d) it will turn towards right of direction of motion 
Needles N,, N, and N, are made of a ferromagnetic, a 
paramagnetic and a diamagnetic substance respectively. A 
magnet when brought close to them will [2006] 
(a) attract N, and N, strongly but repel N, 

(b) attract NV, strongly, N, weakly and repel NV, weakly 
(c) attract N, strongly, but repel V, and NV, weakly 

(d) attract all three of them 

In a region, steady and uniform electric and magnetic fields 
are present. These two fields are parallel to each other. A 
charged particle is released from rest in this region. The 
path of the particle will bea ]2006]| 
(a) helix (b) straight line 

(c) ellipse (d) circle 


23: 


24. 


25. 


26. 


2]. 


28. 


29, 


A long solenoid has 200 turns per cm and carries a current i. 
The magnetic field at its centre is 6.28 x 10-* Weber/m?. 
Another long solenoid has 100 turns per cm and it carries a 


i ; 
current 3° The value of the magnetic field at its centre is 


]2006] 
(a) 1.05 10-2 Weber/m2 = (b)__ ‘1.05 x 10> Weber/m? 
(c) 1.05 10-3 Weber/m? (d) 1.05 x 10+ Weber/m? 
A long straight wire of radius a carries a steady current i. 
The current is uniformly distributed across its cross section. 
The ratio of the magnetic field ata/2 and2ais |2007] 
(a) 1/2 (b) 1/4 (c) 4 (d) 1 
A current J flows along the length of an infinitely long, 
straight, thin walled pipe. Then ]2007] 
(a) the magnetic field at all points inside the pipe is the 
same, but not zero 
(b) the magnetic field 1s zero only on the axis of the pipe 
(c) the magnetic field is different at different points inside 
the pipe 
(d) the magnetic field at any point inside the pipe is zero 
A charged particle with charge g enters a region of constant, 


uniform and mutually orthogonal fields E and B witha 


velocity ¥ perpendicular to both E and B , and comes out 


without any change in magnitude or direction of vy . Then 

(a2) v=BxE/E* (b+) v=ExB/B? ]2007] 

(c) v=BxE/B? (d) v=ExB/E? 

A charged particle moves through a magnetic field 

perpendicular to its direction. Then ]2007] 

(a) kinetic energy changes but the momentum is constant 

(b) the momentum changes but the kinetic energy is 
constant 

(c) both momentum and kinetic energy of the particle are 
not constant 

(d) both momentum and kinetic energy of the particle are 
constant 

Two identical conducting wires AOB and COD are placed at 

right angles to each other. The wire AOB carries an electric 

current J, and COD carries a current J,. The magnetic field 

on a point lying at a distance d from O, in a direction 

perpendicular to the plane of the wires AOB and COD, will 

be given by ]2007] 


l 
I,+I5\2 
(ay HO (72472) (db) Bal Aza) 
2nd Ur tia) a2n\ d 
1 
@ 20 (+17)? @ (n+ 
A horizontal overhead powerline is at height of 4m from the 


ground and carries a current of 100A from east to west. 
The magnetic field directly below it on the ground is 
(1) =42x107 Tm A") ]2008] 
(a) 2.5 x 10-7 Tsouthward 

(b) 5x 10 Tnorthward 

(c) 5x 10-° Tsouthward 

(d) 2.5 x 10-’ Tnorthward 


Topic-wise Solved Papers - PHYSICS 


30. Relative permittivity and permeability ofa material ¢, and 


B : 
u,., respectively. Which of the following values of these Na, 
quantities are allowed for a diamagnetic material? [2008] : | 
(a) ¢.=05,H,=15 (b) ¢€,=1.5, u,=0.5 (b) 3 : 
(c) ¢,=05,u,=0.5 (d) ¢6,=1.5, p,=1.5 ‘\ - ; : (— 
DIRECTIONS : Question numbers 31 and 32 are based on the 
following paragraph. 


PASSAGE 


A current loop ABCD is held fixed on the plane of the paper as 

shown in the figure. The arcs BC (radius = 5) and DA (radius = a) Xx 
of the loop are joined by two straight wires AB and CD. A steady (c) 
current / is flowing in the loop. Angle made by AB and CD at the 

origin O is 30°. Another straight thin wire with steady current J, 

flowing out of the plane of the paper is kept at the origin. 


]2009| 
A A 
i om 0° 
18... 4 
s 
C 34. Acurrent / flows in an infinitely long wire with cross section 
31. Th festa ih tic field (B) due to the 1 in the form ofa semi-circular ring of radius R. The magnitude 
: e magnitude of the magnetic fie ue to the loop _ Ses 011 
ABCD at the origin (O) is: of the magnetic induction along its axis 1s: ]2011] 
Hol Hol Hol Hol 
I(b- I|\ b-a ee bw |e For For 
@ Lellb=a) . 7 | @ 5a O ar © gr © 
24ab eee 35. Acharge Q1s uniformly distributed over the surface ofnon- 
Uo! 25 b conducting disc of radius R. The disc rotates about an axis 
(c) res (b—-a)+ VA (a+6)] (d) zero perpendicular to its plane and passing through its centre 
32. Due to the presence of the current J, at the origin: with an angular velocity w. As a result of this rotation a 
(a) The forces on AD and BC are zero. magnetic field of induction B is obtained at the centre of the 


disc. If we keep both the amount of charge placed on the 


(b) The magnitude of the net force on the loop is given by : 
disc and its angular velocity to be constant and vary the 


a u,[2(b-a) + vA (a+b). radius of the disc then the variation of the magnetic induction 
4n 3 at the centre of the disc will be represented by the figure : 
(c) The magnitude of the net force on the loop is given by ]2012] 
II 
BoM 1 (b—a). 
24ab 


ww —p» 
WW —» 


(d) The forces on AB and DC are zero. 
33. Two long parallel wires are at a distance 2d apart. They 


carry steady equal currents flowing out of the plane of the (a) (b) 
paper as shown. The variation of the magnetic field B along 
the line XX" is given by [2010] R— R-—> 
B B 
(c) (d) 


R-—~> R-—> 
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36. Proton, deuteron and alpha particle of same kinetic energy 
are moving in circular trajectories in a constant magnetic 
field. The radii of proton, deuteron and alpha particle are 
respectively rola and r,. Which one of the following relation 


is correct? [2012] 
(a) ty ==" (b) ta =% <'d 
(Cc) Wry> ty (d) %W="%> ly 


37. Two short bar magnets of length 1 cm each have magnetic 
moments 1.20 Am? and 1.00 Am? respectively. They are 
placed on a horizontal table parallel to each other with their 
N poles pointing towards the South. They have a common 
magnetic equator and are separated by a distance of 20.0 
cm. The value of the resultand horizontal magnetic induction 
at the mid-point O of the line joining their centres is close to 


(Horizontal component of earth.s magnetic induction 1s 3.6 (a) 2 mL tan 0 (b) ane tan 0 
10.5Wh/m2) ]JEE Main 2013] Lo Lo 


(a) 3.6 10.5 Whim? (b) 2.56 10.4 Wh/m? 
(c) 3.50 10.4Wb/m2 = (d) 5.80x 10.4 Wh/m? 


TAL 
| | (©) sin@ |= (@) 2sino, |S 
38. A conductor lies along the z-axis at -—1.5<z<1.5m and Wo cosO Lg cosO 


carries a fixed current of 10.0 A in —a, direction (see figure). 41. A rectangular loop of sides 10 cm and 5 cm carrying a current 
7 . 1 of 12 A is placed in different orientations as shown in the 
For a field B=3.0x10“e°** a, T, find the power required figures below : JJEE Main 2015] 


to move the conductor at constant speed tox = 2.0m, y=0m = 
in 5x10~°s. Assume parallel motion along the x-axis. B) 
|JEE Main 2014] 


(A) 


(a) 1.57W (b) 2.97W 
(c) 14.85W (d) 29.7W 


39. The coercivity of a small magnet where the ferromagnet gets 
demagnetized is 3x10°Am‘'. The current required to be 
passed in a solenoid of length 10 cm and number of turns 100, 
so that the magnet gets demagnetized when inside the 


solenoid, is: |JEE Main 2014] 
(a) 30mA (b) oOmA If there is a uniform magnetic field of 0.3 T in the positive z 
(c) 3A (d) 6A 


direction, in which orientations the loop would be in (1) stable 


40. Two long current carrying thin wires, both with current I, are ee d (ij sages , 
ere tabl librium? [JEE Main 2015 
held by insulating threads of length L and are in equilibrium se LA seca aM | 


as shown in the figure, with threads making an angle'@' with (a) (B)and (D), resp ecu 
the vertical. If wires have mass A per unit length then the (b) (B)and (C), respectively 
value of Tis: ]JEE Main 2015] (c) (A) and (B), respectively 


(g = gravitational acceleration) (d) (A) and (C), respectively 


= eo  — )SEopic-wise Solved Papers - PHYSICS 


43. 


Two identical wires A and B, each of length '/', carry the 
same current I. Wire A is bent into a circle of radius R and 
wire B is bent to form a square of side'a’. IfB, and B, are 
the values of magnetic field at the centres of the circle and 


Ba 
square respectively, then the ratio | Bp is: |JEE Main 2016] 


1 1 
© 16 © 2 

m yn 2 
) 62 


A galvanometer having a coil resistance of 100 ©2 gives a 
full scale deflection, when a currect of 1 mA 1s passed through 
it. The value of the resistance, which can convert this 
galvanometer into ammeter giving a full scale deflection for 
a current of 10 A, is: |JEE Main 2016] 

(a) 0.102 
(c) 0.0102 


(b) 3Q 
(d) 202 


44. Hysteresis loops for two magnetic materials A and B are 


given below : [JEE Main 2016] 


D B 


(A) (B) 


These materials are used to make magnets for elecric 
generators, transformer core and electromagnet core. Then 
it is proper to use : 

(a) A for transformers and B for electric generators. 

(b) B for electromagnets and transformers. 

(c) A for electric generators and trasformers. 

(d) A for electromagnets and B for electric generators. 


GP_3481 


CHAPTER 


I5 


7 Section-A 


A Fill inthe Blanks Z. 


A uniformly wound solenoidal coil of self inductance 
1.8 x 10 henry and resistance 6 ohm is broken up into two 
identical coils. These identical coils are then connected in 
parallel across a 15-volt battery of negligible resistance. The 


time constant for the current in the circuit Is ........... seconds 
and the steady state current through the battery is ............... 
amperes. (1989 - 2 Marks) 


In a straight conducting wire, a constant current 1s flowing 
from left to right due to a source of emf. When the source is 
switched off, the direction of the induced current in the wire 
WIL woe. (1993 - 1 Marks) 


B True/False 


An e.m.f. can be induced between the two ends of a straight 
copper wire when it is moved through a uniform magnetic 
field. (1980) 
A coil of metal wire is kept stationary in a non-uniform 
magnetic field. An e.m.f. 1s induced in the coil. 
(1986 - 3 Marks) 
A conducting rod AB moves parallel to the x-axis (see Fig.) 
in a uniform magnetic field pointing in the positive 
z-direction. The end A of the rod gets positively charged. 
y (1987 - 2 Marks) 


O oO SC) 
B 


Cc MCQs with One Correct Answer 


A thin circular ring of area A is held perpendicular to a 
uniform magnetic field of induction B. A small cut is made in 
the ring and a galvanometer is connected across the ends 
such that the total resistance of the circuit is R. When the 
ring is suddenly squeezed to zero area, the charge flowing 


through the galvanometer is (1995S) 
BR AB Ge @ eZ 
a > o> © (@) = 


Electromagnetic Induction 


and Alternating Current 


JEE @dvanced/ IIT-JEE 


A thin semi-circular conducting ring 


x * = % 
of radius R is falling with its plane 7? 
vertical in horizontal magnetic | « « « x 
induction B. Attheposition MNO | , , , xy 
the speed of the ring is v, and the : 
potential difference developed across | + x 
the ring 1s Fr 5 


(a) zero 
(b) BvrR?/2 and M isat higher potential 

(c) mRBvand Qisat higher potential (1996 - 2 Marks) 
(d) 2RBvand Qisat higher potential. 

Two identical circular loops of metal wire are lying on a table 
without touching each other. Loop-A carries a current which 
increases with time. In response, the loop-B 

(a) remains stationary (1999S - 2 Marks) 
(b) is attracted by the loop-A 

(c) isrepelled by the loop-A 

(d) rotates about its CM, with CM fixed 

A coil of inductance 8.4 mH and resistance 6 © is connected 
to a 12 V battery. The current in the coil is 1.0 A at 
approximately the time (1999S - 2 Marks) 
(a) 500s (b) 25s (c) 35ms  (d) Ims 

A uniform but time-varying magnetic field B(Z) exists in a 
circular region of radius a and is directed into the plane of 
the paper, as shown. The magnitude of the induced electric 
field at point P at a distance r from the centre of the circular 
region B(t) (2000S ) 
(a) is zero 

(b) decreases as 1/r 
(c) increases as r 


(d) decreases as 1/r? 
A coil of wire having inductance and resistance has a 
conducting ring placed coaxially within it. The coil is 
connected to a battery at time ¢= 0, so that a time-dependent 
current | ,(¢) starts flowing through the coil. If /,(d) is the 
current induced in the ring, and B(¢) is the magnetic field at 
the axis of the coil due to /,(2), then as a function of time 
(t> 0), the product (4) BO) (2000S ) 
(a) increases with time 

(b) decreases with time 

(c) does not vary with time 

(d) passes through amaximum 


10. 


11. 


A metallic square loop ABCD is moving in its own plane 
with velocity v in a uniform magnetic field perpendicular to 
its plane as shown in the figure. An electric field is induced 


a td @ ® 
A B 
e ® 
® _v> 
e ® 
D C 


(a) mAD,butnotinBC  (b) inBC,butnotinAD 

(c) neitherin ADnorinBC (d) in both AD and BC 
Two circular coils can be arranged in any of the three 
situations shown in the figure. Their mutual inductance will 
be (2001S) 


(2001S) 


> ) 


A i. <i <a 2 | 


(a) (b) (c) 
(a) maximum in situation (a) (b) maximumuin situation (b) 
(c) maximum in situation (c) (d) the same in all situations 
As shown in the figure, P and Q are two coaxial conducting 
loops separated by some distance. When the switch S is 
closed, a clockwise current J, flows in P (as seen by E) and 
an induced current [,,, flows in Q. The switch remains closed 
for a long time. When Sis opened, a current J, flows in Q. 
Then the direction JQ, and JQ, (as seen by Ej are (2002S) 


F O 


— 


is 
Oo 


Battery 


(a) respectively clockwise and anti-clockwise 

(b) both clockwise 

(c) both anti-clockwise 

(d) respectively anti-clockwise and clockwise 

A short-circuited coil is placed in a time-varying magnetic 
field. Electrical power is dissipated due to the current induced 
in the coil. Ifthe number of turns were to be quadrupled and 
the wire radius halved, the electrical power dissipated would 
be (2002S ) 
(a) halved (b) the same 

(c) doubled (d) quadrupled 

When an AC source of emf e = E, sin(1002) is connected 
across a circuit, the phase difference between the emf e and 


the current i in the circuit is observed to be 1/4 , as shown 


in the diagram. If the circuit consists possibly only of R-C 
or R-Z or L-C in series, find the relationship between the 
two elements (2003S) 


(a) R=1kQ,C=10uF 
(b) R=1kQ,C=1pF 
(c) R=1kQ,L=10H 
(d) R=1kQ,L=1H 


12. 


13. 


14. 


15. 


Topic-wise Solved Papers - PHYSICS 
A small bar magnet is being 
slowly inserted with constant [EEEER——> | 
velocity inside a solenoid as 


shown in figure. Which graph best represents the 
relationship between emf induced with time (2004S) 


emt 


(a) (b) 


Time 


emf 


(c) Time (d) 


An infinitely long cylinder is kept parallel to an uniform 
magnetic field B directed along positive z-axis. The 
direction of induced current as seen from the z-axis will 
be (2005S) 
(a) zero 

(b) anticlockwise of the +ve z axis 

(c) clockwise of the +ve z axis 

(d) along the magnetic field 

Find the time constant (in ps) for the given RC circuits in the 
given order respectively (2006 - 3M, —I) 


Time 


R, = 19, Ry = 2Q, C, =4uF, Cy = 2uF 


8 

> 9? 5 (d) 4, 9.18 
The figureshows certainwire x ~“~ x x .& 
segments joined together to 
form a coplanar loop. The * 
loop is placed in a 
perpendicular magnetic field 
in the direction going intothe y, 
plane of the figure. The 
magnitude of the field 
increases with time. /, and J, are the currents in the segments 
ab and ed. Then, (2009) 
(a) 1, >, 
(b) J <4 
(c) J, isin the direction ba and J, 1s in the direction cd 
(d) J, isin the direction ab and I, is in the direction de 


8 8 8 
(a) 18,4, 9 (b) 18, = ,4 (c) 4,18, — 


x RM XK 


x x xX Xx XK K 


GP_3481 


16. AnAC voltage source of variable angular frequency w and 


fixed amplitude V, is connected in series with a capacitance 
C and an electric bulb of resistance R (inductance zero). 
When @ is increased (2010) 
(a) the bulb glows dimmer 

(b) the bulb glows brighter 

(c) total impedance of the circuit is unchanged 

(d) total impedance of the circuit increases 


ip MCQs with One or More than One Correct 


L, C and R represent the physical quantities, inductance, 
capacitance and resistance respectively. The combination(s) 
which have the dimensions of frequency are (1984-2 Marks) 


(a) WRC (b) RL (©) WVLC (dd) CL 

A conducting square loop of side Z 82 

and resistance R moves in its plane esses @® 

with a uniform velocity v 8 S08 

perpendicular to one of its sides. A é @ 2 @ 

magnetic induction B, constant in @.® Bee 
| ® @8 @,9 @ 

time and space, pointing @@@@ 88g 

perpendicular and into the plane of @ 8® 


the loop exists everywhere. (1989 - 2 Marks) 
The current induced in the loop 1s: 
(a) BLv/R clockwise (b) BLv/R anticlockwise 


(c) 2BLv/Ranticlockwise (d) zero. 


Two different coils have self-inductances L, = 8 mHandL, 


= 2 mH. The current in one coil is increased at a constant 
rate. The current in the second coil is also increased at the 
same constant rate. At a certain instant of time, the power 
given to the two coils is the same. At that time, the current, 
the induced voltage and the energy stored in the first coil 
are i,, V, and W, respectively. Corresponding values for the 
second coil at the same instant are i,, V, and W, respectively. 
Then: (1994 - 2 Marks) 
i i i Mm _i Vy 
@ 74 OF4 O94 O77" 
A small square loop of wire of side / is placed inside a large 
square loop of wire of side L(L>>/). The loops are co-planar 
and their centres coincide. The mutual inductance of the 
system 1s proportional to (1998S - 2 Marks) 
(a) JUL (b) P/L (c) L/I (dd) L/l 
The S/ unit of inductance, the henry, can be written as 
(1998S - 2 Marks) 
(a) weber/ampere (b) volt-second/ampere 
(c) joule/(ampere)? (d) ohm-second 
A metal rod moves at a constant velocity in a direction 
perpendicular to its length. A constant, uniform magnetic 
field exists in space in a direction perpendicular to the rod 
as well as its velocity. Select the correct statement(s) from 
the following (1998S - 2 Marks) 
(a) Theentire rod is at the same electric potential. 
(b) There is an electric field in the rod. 
(c) Theelectric potential is highest at the centre of the rod 
and decreases towards its ends. 


(d) The electric potential is lowest at the centre of the rod, 
and increases towards its ends 


Electromagnetic Induction and Alternating Current 
ve 


10. Attime ¢=0, terminal A in 


P-147 


A series R— C circuit is connected to AC voltage source. 
Consider two cases; (A) when C is without a dielectric 
medium and (B) when C 1s filled with dielectric of constant 4. 
The current I, through the resistor and voltage V. across 
the capacitor are compared in the two cases. Which of the 
following is/are true? (2011) 


(a) Ip>IR (bt) Ip <Ip 

(c) Vaé>vée d@) Vaé<vé 

In the given circuit, the AC source has m = 100 rad/s. 

Considering the inductor and capacitor to be ideal, the correct 

choice(s) is (are) (2012) 
100uUF 


1000 


(a) Thecurrent through the circuit, /is0.3 A. 
(b) Thecurrent through the circuit, Jis 0.3/2A 


(c) The voltage across 100 Q resistor = 10/2V 

(d) The voltage across 50 Q resistor = 10 V 

A current carrying infinitely long wire is kept along the 

diameter of a circular wire loop, without touching it, the 

correct statement(s) is(are) (2012) 

(a) The emf induced in the loop is zero if the current is 
constant. 

(b) The emf induced in the loop is finite if the current is 
constant. 

(c) The emf induced in the loop is zero if the current 
decreases at a steady rate. 

(d) The emf induced in the loop is infinite if the current 
decreases at a steady rate. 


the circuit shown in the 
figure is connected to B 
bya key and an alternating 
current /(t) = J,cos (ot), 
with fo = 1 Aand w=500 
rads _“ starts flowing in it 
with the initial direction 


R=10Q9 


fi es 
shown in the figure. At ¢ = =< , the key is switched from B 
w 


to D. Now onwards only A and D are connected. A total 
charge Q flows from the battery to charge the capacitor fully. 
If C= 20 uF, R= 10Q and the battery is ideal with emf of 50 
V, identify the correct statement(s). (JEE Adv. 2014) 
(a) Magnitude of the maximum charge on the capacitor 


TT 3 
before #=— is 1 x 10 C 
(b) The current in the left part of the circuit just before 


| 
— = is clockwise 
6M 


(c) Immediately after A 1s connected to D, the current in R 
is 10A 
(d) QO=2x103C 


ii. 


A conducting loop in the shape of a right angled isosceles 
triangle of height 10 cm is kept such that the 90° vertex is 
very close to an infinitely long conducting wire (see the 
figure). The wire is electrically insulated from the loop. The 
hypotenuse of the triangle is parallel to the wire. The current 
in the triangular loop is in counterclockwise direction and 
increased at a constant rate of 10 A s-!. Which of the 
following statement(s) is(are) true? (JEE Ady. 2016) 


ee i A A eT A i En A 


. , , (wu 
(a) The magnitude of induced emf in the wire is (Ho 


volt 
Ifthe loop is rotated at a constant angular speed about 


(b) 


the wire, an additional emf of (40 volt is induced in 


the wire 
(c) Theinduced current in the wire is in opposite direction 
to the current along the hypotenuse 
There is a repulsive force between the wire and the 
loop 


(d) 


12. A rigid wire loop of square shape having side of length L 


and resistance R 1s moving along the x-axis with a constant 
velocity v, in the plane of the paper. At t= 0, the right edge 
of the loop enters a region of length 3L where there 1s a 
uniform magnetic field B, into the plane of the paper, as 
shown in the figure. For sufficiently large v,. the loop 
eventually crosses the region. Let x be the location of the 
right edge of the loop. Let v(x), I(x) and F(x) represent the 
velocity of the loop, current in the loop, and force on the 
loop, respectively, as a function of x. Counter-clockwise 
current 1s taken as positive. (JEE Adv. 2016) 


XXXXXXXXXXXXXKXXK XX XXXX XXX 
XXXXXXXXKXX XX XX XK XX XX XX AXKX 


XXXXXXXXXXXXXXXXX XXXXXXXX 
SS ee | 
eee XXXXXXX% 
2 fee XXXXXXX) 
—> |X XXXXXX XXXXXXX 
Ree ee | 


XXXXXXXKXXKX XX XX XK XX XX XXX X 
Vo—> XXXXXXXKXXKX XX XX XX XX XX AXAXAXXX 
XXXXXXXXXXXXXXXXXXXXXXXXX 

X 


0 L 2L 3L 4L 
Which of the following schematic plot(s) is (are) correct? 
(Ignore gravity) 
v(x) 
Vo 
(a) 
(b) 
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(c) 


Subjective Problems 


A current from A to B is increasing in magnitude. What is 
the direction of induced current, if any, in the loop as shown 
in the figure? (1979) 


—___»>__»___ 
A B 
The two rails ofa railway track, insulated from each other and 
the ground, are connected to a milli voltmeter. What is the 
reading of the milli voltmeter when a train travels at a speed of 
180 km/hour along the track, given that the vertical component 
ofearth’s magnetic field is 0.2 x 10~* weber/m2 & the rails are 
separated by 1 meter? (1981- 4 Marks) 
Three identical closed coils A, B and C are placed with their 
planes parallel to one another. Coils A and C carry equal 
currents as shown in Fig. Coils B and C are fixed in position 
and coil A is moved towards B with uniform motion. Is there 
any induced current in B ? If no, give reasons. If yes mark 
the direction of the induced current in the diagram. 

(1982 - 2 Marks) 


A B Cc 
Asquaremetal wireloop 9 :-**77777 77777 . 
of side 10 cms and 


resistance 

1 ohm is moved with a 
constant velocity v)ina —> 
uniform magnetic field of 
induction B =2 webers/ 1. 7_.*..7._*., 

m2 as shown in the figure. The magnetic field lines are 
perpendicular to the plane of the loop (directed into the 
paper). The loop is connected to a network of resistors 
each of value 3 ohms. The resistances of the lead wires OS 
and PQ are negligible. What should be the speed of the loop 
so as to havea steady current of 1 milliampere in the loop ? 
Give the direction of current in the loop. (1983 - 6 Marks) 
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Space 1 is divided by the line AD into two regions. Region I 
is field free and the Region IJ has a uniform magnetic field B 
directed into the plane of the paper. ACD 1s a semicircular 
conducting loop of radius r with centre at O, the plane of 
the loop being in the plane of the paper. The loop is now 
made to rotate with a constant angular velocity w about an 
axis passing through O and the perpendicular to the plane 
of the paper. The effective resistance of the loop is R. 
(1985 - 6 Marks) 


Re gion-| Region-II 
4| XX XXX 
WK xX X XX X 
B 
x K KK XK 
C x xX x X X 
TOLeEonoRs 
x xX XK XK X 


(i) Obtain an expression for the magnitude of the induced 
current in the loop. 
(1) Show the direction of the current when the loop is 
entering into the Region II. 
(1) Plot a graph between the induced e.m.fand the time of 
rotation for two periods of rotation. 
Two long parallel horizontal rails, a distance d apart and 
each having a resistance 4 per unit length, are joined at 
one end by a resistance R. A perfectly conducting rod MN 
of mass m is free to slide along the rails without friction 
(see figure). There 1s a uniform magnetic field of induction B 
normal to the plane of the paper and directed into the paper. 
A variable force F is applied to the rod MN such that, as the 
rod moves, a constant current flows through R. 
(1988 - 6 Marks) 


x x x 


Mx x xX 
| 


x x x N x x 
(i) Find the velocity of the rod and the applied force F as 
function of the distance x of the rod from R. 
(1) What fraction of the work done per second by F is 
converted into heat ? 
A circuit containing a two position switch S is shown in fig. 
(1991 -4+4 Marks) 


R3 C 
[——_., 
= “Hf 4 ER, 
R E, : 
ve 29 12V 
A E> Ry B 
> 5 3V = 
50; . 20) 30ER, 
0006 : 
10 mH 


(a) The switch S is in position ‘1’. Find the potential 
difference V, — V, and the rate of production of joule 
heat in R,. 

(b) Ifnow the switch Sis put in position 2 at t= 0 find 
(i) steady current in R, and 
(ii) the time when current in R, is half the steady value. 

Also calculate the energy stored in the inductor L at that time 


8. 


10. 


11. 


A rectangular frame ABCD, made ofa A 
uniform metal wire, has a straight 
connection between EF and F made of 
the same wire, as shown in Fig. AFF'D 
is a square of side 1m, and EB = FC= 
0.5m. The entire circuit is placed in 
steadily increasing, uniform magnetic 
field directed into the plane of the paper and normal to it. 
The rate of change of the magnetic field is 1T/s. The 
resistance per unit length of the wire is 1Q/m. Find the 
magnitudes and directions of the currents in the segments 
AE, BE and EF. (1993-5 Marks) 
Two parallel vertical metallic rails AB 
and CD are separated by 1 m. They 
are connected at two ends by 
resistances R, and R, as shown in 
Figure. A horizontal metallic bar Z of 
mass 0.2 kg slides without friction 
vertically down the rails under the 
action of gravity. There is a uniform 
horizontal magnetic field of 0.6 Tesla 
perpendicular to the plane of the rails. It 1s observed that 
when the terminal velocity 1s attained, the powers dissipated 
in R, and R, are 0.76 Watt and 1.2 watt respectively. Find the 
terminal velocity of the bar Z and the values of R, and R,. 
(1994 - 6 Marks) 
A metal rod OA of mass ‘m’ and length ‘7’ is kept rotating 
with a constant angular speed w in a vertical plane about a 
horizontal axis at the end O. The free end A is arranged to 
slide without friction along a fixed conducting circular ring 
in the same plane as that of rotation. A uniform and constant 
magnetic induction B is applied perpendicular and into the 
plane of rotation as shown in the figure below. An inductor 
Land an external resistance R are connected through a switch 
S' between the point O and a point C on the ring to form an 
electrical circuit. Neglect the resistance of the ring and the 
rod. Initially, the switch 1s open. (1995 - 10 Marks) 


D FC 


(a) What is the induced emf across the terminals of the 
switch? 
(b) The switch Sis closed at time t= 0. 

(i) Obtain an expression for the current as a function 
of time. 

(1) In the steady state, obtain the time dependence 
of the torque required to maintain the constant 
angular speed, given that the rod OA was along 
the positive X-axis at t= 0. 

A solenoid has an inductance of 10 henry and a resistance 
of 2 ohm. It is connected to a 10 volt battery. How long will 
it take for the magnetic energy toreach 1/4 of its maximum 
value? (1996 - 3 Marks) 


P-150 
12. 


13. 


14. 


15. 


A pair of parallel 
horizontal conducting 
rails of negligible 
resistance shorted at 
one end is fixed on a 
table. The distance 
between the rails is L. 
A conducting massless 
rod of resistance R can 
slide on the rails frictionlessly. The rod is tied to a massless 
string which passes over a pulley fixed to the edge of the 
table. A mass m, tied to the other end of the string hangs 
vertically. A constant magnetic field B exists perpendicular 
to the table. If the system is released from rest, calculate. 
(1997 - 5 Marks) 
(i) the terminal velocity achieved by the rod, a nd 
(1) the acceleration of the mass at the instant when the 
velocity of the rod is half the terminal velocity. 


A magnetic field B = B) (y/a)k is into the paper in the 
+z direction. B, and a are positive constants. A square loop 
EFGH of side a, mass m and resistance R, in x — y plane, 
starts falling under the influence of gravity see figure) Note 
the directions of x and y axes in figure. (1999 - 10 Marks)) 


the induced current in the loop and indicate its direction. 
the total Lorentz force acting on the loop and indicate 
its direction, and 

an expression for the speed of the loop, v(t) and its 
terminal value. 
An inductor of 
inductance L = 400 
mH and resistorsof 

resistances R, =2Q | 

a Ry 
connected to a 

battery of emf EF = 12 V as shown in the figure. The internal 
resistance of the battery is negligible. The switch S is closed 
at time t= 0. What is the potential drop across Z as a function 
of time? After the steady state is reached, the switch is 
opened. What is the direction and the magnitude of current 
through R, as a function of time? (2001-5 Marks) 
A rectangular loop PORS made from a uniform wire has 
length a, width b and mass m. It is free to rotate about the 
arm PQ, which remains hinged along a horizontal line taken 
as the y-axis (see figure). Take the vertically upward 
direction as the z-axis. A uniform magnetic field 


B= (3i + 4k) Bo exists in the region. The loop is held in the 


x-y plane and a current I is passed through it. The loop is 


16. 


17. 


Topic-wise Solved Papers - PHYSICS 


now released and 1s found to stay in the horizontal position 
in equilibrium. (2002 - 5 Marks) 


Z 


ee — PR 


(a) What is the direction of the current Jin PQ? 

(b) Find the magnetic force on the arm RS. 

(c) Find the expression for / in terms of Bp, a, b and m. 
A metal bar AB can slide on 
two parallel thick metallic rails 


separated by a distance 2.A 
resistance R and an 
inductance L are connected 
to the rails as shown in the 
figure. A long straight wire 
carrying a constant current J, 
is placed in the plane of the 
rails and perpendicular to them as shown. The bar AB 1s 
held at rest at a distance x, from the long wire. At t= 0, it is 
made to slide on the rails away from the wire. Answer the 
following questions. (2002 - 5 Marks) 


eX? 


; < and , where 7 is the 
current in the circuit and 9 is the flux of the magnetic 
field due to the long wire through the circuit. 

It is observed that at time t= 7, the metal bar AB is ata 
distance of 2x, from the long wire and the resistance R 
carries a current i,. Obtain an expression for the net 
charge that has flown through resistance R from t= 0 
tot=T. 

The bar is suddenly stopped at time 7. The current 


(a) Find a relation among i 


(b) 


(c) 


. ii. 
through resistance R is found to be 2 at time 27. Find 


LE , ~ 
the value of Rp terms of the other given quantities. 


A square loop of side ‘a’ with a capacitor of capacitance C 
is located between two current carrying long parallel wires 
as shown. The value of / in the wires 1s given as /= J, sinwt. 


(2003 - 4 Marks) 
i_ a 
I | 


—_—in> 
(a) Calculate maximum current in the square loop. 


(b) Draw a graph between charges on the upper plate of 
the capacitor vs time. 


Lt 


GP_3481 


Electromagnetic Induction and Alternating Current 


18. Inaseries Z-R circuit (LZ = 35 mH and R = 11 Q), a variable 
emfsource (V= V, sin wt) of V_ = 220 V and frequency 50 
Hz is applied. Find the current amplitude in the circuit and 
phase of current with respect to voltage. Draw current-time 
graph on given graph (m=22/7). (2004 - 4 Marks) 


V=V, sin wt 


20. <A long solenoid of radius a and 
number of turns per unit length n 
is enclosed by cylindrical shell of 
radius R. thickness d(d<< R ) and 
length L. A variable current i = i, 
sinot flows through the coil. Ifthe 


19. Inthe figure both cells A and B are of equal emf. Find R for resistivity of the material of 
which potential difference across battery A will be zero, cylindrical shell is p, find the 
long time after the switch 1s closed. Internal resistance of induced current in the shell. 
batteries A and B arer, andr, respectively (r, > r,). (2005-4 Marks) 


(2004 - 4 Marks) 


F Match the Following 


DIRECTIONS : Each question contains statements given in two columns, which have to be matched. pqrst 
The statements in Column-l are labelled A, B, C and D, while the statements in Column-I] are labelled 
Dp, g, rand s. Any given statement in Column-I can have correct matching with ONE OR MORE 
statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these questions 
have to be darkened as illustrated in the following example : 

If the correct matches are A-p, s and t; B-g andr; C-p and q; and D-s then the correct darkening of 
bubbles will look like the given. 


1. You are given many resistances, capacitors and inductors. These are connected to a variable DC voltage source (the first two 
circuits) or an AC voltage source of 50 Hz frequency (the next three circuits) in different ways as shown in Column II. When a 
current I (steady state for DC or rms for AC) flows through the circuit, the corresponding voltage V, and V, , (indicated in circuits) 


are related as shown 1n Column I. Match the two (2010) 
Column I Column IT 
V, V, V Z 
0 QQ Q 
6mH 3uF 6mH 20) 
(A) 1#0,V;is (p) © Wy=0VW,=V 
V S V 
V V, 


proportional to / 


i 2 6mH 
<_< ; 
(D) 1#0,Wyis (s) | “i 
000 9 
1#0,V,>V : : 
(B) Se ee (q) proportional to / 
V ro ——- 
1kQ 3uF 


(t) 


p-152 


G 


Comprehension Based Questions 


PASSAGE 1 
In the given circuit the capacitor (C) may be charged through 
resistance R by a battery V by closing switch S,. Also when S, is 
opened and S, is closed the capacitor is connected in series with 
inductor (L). 


T7 
V 


Sy 


a 


L 


1. At the start, the capacitor was uncharged. When switch S, 
is closed and S, is kept open, the time constant of this 
circuit 1s t. Which of the following 1s correct 

(2006 — 5M, -2) 


(a) 
(b) 


— .  . OV 
after time interval t, charge on the capacitor 1s > 


after time interval 2t, charge on the capacitor of CV 
(1-7) 
(c) the work done by the voltage source will be half of the 
heat dissipated when the capacitor is fully charged 
after time interval 2t, charge on the capacitor is 
CV(i-e?) 
2. | When the capacitor gets charged completely, S, is opened 
and S, is closed. Then, (2006 — 5M, —2) 
(a) att=0, energy stored in the circuit 1s purely in the form 
of magnetic energy 
(b) at anytime ¢> 0, current in the circuit is in the same 
direction 
(Cc) 
(d) 


(d) 


at t > 0, there is no exchange of energy between the 
inductor and capacitor 
at any time ¢ > 0, instantaneous current in the circuit 


may be vo 


3. Given that the total charge stored in the LC circuit is Qo, for 
t > 0, the charge on the capacitor is (2006 — 5M, —2) 


(a) O=Qy cos( £44] (b) O=Q) cos( $--] 
1 d’Q 
O OTe ae 
PASSAGE 2 


A thermal power plant produces electric power of 600 kW at 4000 
V, which is to be transported to a place 20 km away from the power 
plant for consumers' usage. It can be transported either directly 
with a cable of large current carrying capacity or by using a 
combination of step-up and step-down transformers at the two 
ends. The drawback of the direct transmission is the large energy 
dissipation. In the method using transformers, the dissipation 1s 
much smaller. In this method , a step-up transformer 1s used at the 


dO 
(c) O=-LC ae 
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plant side so that the current is reduced to a smaller value. At the 
consumers’ end, a step-down transformer is used to supply power 
to the consumers at the specified lower voltage. It is reasonable 
to assume that the power cable is purely resistive and the 
transformers are ideal with power factor unity. All the currents 
and voltages mentioned are rms values. (JEE Ady. 2013) 
4. Ifthe direct transmission method with a cable of resistance 
0.4.Q km! is used, the power dissipation] (in %) during 
transmission 1s 
(a) 20 (b) 30 (c) 40 (d) 50 
5. Inthe method using the transformers, assume that the ratio 
of the number of turns in the primary to that in the secondary 
in the step-up transformer is 1 : 10. If the power to the 
consumers has to be supplied at 200 V, the ratio of the number 
of turns in the primary to that in the secondary in the step- 
down transformer 1s 
(a) 200:1 (b) 150:1 (¢) 


PASSAGE 3 


A point charge Q is moving in a circular orbit of radius R in the 
x-y plane with an angular velocity w. This can be considered as 


100: 1 (d) 50:1 


@ ; 
equivalent to a loop carrying a steady current < . A uniform 


magnetic field along the positive z-axis is now switched on, which 
increases at a constant rate from 0 to B in one second. Assume 
that the radius of the orbit remains constant. The application of 
the magnetic field induces an emfin the orbit. The induced emf is 
defined as the work done by an induced electric field in moving a 
unit positive charge around a closed loop. It is known that, for an 
orbiting charge, the magnetic dipole moment is proportional to 
the angular momentum with a proportionality constant y. 
(JEE Ady. 2013) 
6. The magnitude of the induced electric field in the orbit at 
any instant of time during the time interval of the magnetic 


field change is 
BR BR 
(a) A (b) > (c) BR (d) 2BR 


7. | Thechange in the magnetic dipole moment associated with 
the orbit, at the end of the time interval of the magnetic field 
change, 1s 


2 
(a) -yBOR? (b) — — () y (4) y BOR? 


H Assertion & Reason Type Questions 


1. Statement-1 : A vertical iron rod has coil of 
wire wound over it at the bottom end. An 
alternating current flows in the coil. The rod 
goes through a conducting ring as shown 
in the figure. The ring can float at a certain 
height above the coil. 
Statement-2 : In the above situation, a 
current is induced in the ring which interacts with the 
horizontal component of the magnetic field to produce an 
average force in the upward direction. (2007) 
(a) Statement-1 1s True, Statement-2 1s True; Statement-2 
is a correct explanation for Statement-1 
(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT a correct explanation for Statement-1 
(Cc) 
(d) 


BQR? 


Statement-1 is True, Statement-2 is False 
Statement-1 is False, Statement-2 is True. 
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Integer Value Correct Type 


A series R-C combination is connected to an AC voltage of 
angular frequency m= 500 radian/s. Ifthe impedance of the 


R-C circuit is RvV/1.25 , the time constant (in millisecond) of 
the circuit is (2011) 
A circular wire loop of radius R is placed in the x-y plane 
centered at the origin O. A square loop of side a(a<<R) 


having two turns is placed with its centre atz= /3R along 
the axis of the circular wire loop, as shown in figure. The 
plane of the square loop makes an angle of 45° with respect to 
the z-axis. Ifthe mutual inductance between the loops is given 


18. 


Liga? , 
by oP/2R’ then the value of p is (2012) 
Sle (fen -ww JEE Main / @lEEE 


The power factor of an AC circuit having resistance (R) and 
inductance (Z) connected in series and an angular velocity 
(0 1S 

(a) R/OL (b) R/(R*2+ @2L7)! 

(c) @L/R (d) R/(R*— w2L7)!2 

A conducting square loop of side Z and resistance R moves 
in its plane with a uniform velocity v perpendicular to one of 
its sides. A magnetic induction B constant in time and space, 
pointing perpendicular and into the plane at the loop exists 
everywhere with half the loop outside the field, as shown in 


figure. The induced emf is [2002] 
VY 

(a) zero (b) RvB 

(c) vBL/R (d) vBL 

The inductance between 4 and Dis ]2002] 

(a) 3.66H (b) 9H (c) 0.66H (d) 1H. 


In a transformer, number of turns in the primary coil are 140 
and that in the secondary coil are 280. Ifcurrent in primary 
coil is 4 A, then that in the secondary coil is [2002] 
(a) 4A (b) 2A (c) 6A (d) 10A. 

Two coils are placed close to each other. The mutual 
inductance of the pair of coils depends upon [2003] 
(a) the rates at which currents are changing in the two 
coils 

relative position and orientation of the two coils 

(c) the materials of the wires of the coils 

the currents in the two coils 

When the current changes from +2 A to -2A in 0.05 second, 
ane.m.f. of 8 V is induced in a coil. The coefficient of self - 
induction of the coil is [2003] 


(a) 02H (bs) 04H (c) OSH (dO1H 


le 


8. 


10. 


11. 


1p? 


Two inductors L, (inductance 1 mH, internal resistance 3 
©) and L, (inductance 2 mH, internal resistance 4), anda 
resistor R (resistance 12 Q) are all connected in parallel 
across a 5 V battery. The circuit is switched on at time t = 0. 
The ratio of the maximum to the minimum current 
) drawn from the batteryis (JEE Adv. 2016) 


(Tax /I min 


In an oscillating LC circuit the maximum charge on the 
capacitor is Q. The charge on the capacitor when the energy 
is stored equally between the electric and magnetic field 1s 


[2003] 
Q x Q 
@ 4 Oz O F @ 
The core of any transformer is laminated soasto [2003] 


(a) reduce the energy loss due to eddy currents 

(b) makeit light weight 

(c) make it robust and strong 

(d) increase the secondary voltage 

Alternating current can not be measured by D.C. ammeter 
because [2004] 
(a) Average value of current for complete cycle is zero 
(b) A.C. Changes direction 

(c) A.C. can not pass through D.C. Ammeter 

(d) D.C. Ammeter will get damaged. 

In an LCR series a.c. circuit, the voltage across each of the 
components, L, C and R 1s 50V. The voltage across the LC 
combination will be [2004] 


(a) 100V (b) s5so0J2 V () 50V_ (d)0V(zero) 
A coil having n turns and resistance RQ is connected with 
a galvanometer of resistance 4RQ. This combination is 
moved in time ¢ seconds from a magnetic field W, weber to 


W, weber. The induced current in the circuit is ]2004] 
(W.-W) _nW2 —W\) 
@) ~~ (b) 5 Rt 
_ (W.-M) n(W> -W,) 
(C) 5 Rnt (d) ~~~ 


In a uniform magnetic field of induction B a wire in the form 
of a semicircle of radius r rotates about the diameter of the 
circle with an angular frequency w. The axis of rotation 1s 
perpendicular to the field. Ifthe total resistance of the circuit 
is R, the mean power generated per period of rotation 1s 


(Baro) (Bar*0)* 
@) OR 0) RR 
2 2x2 
o 22 a Grey prooay 


2R 8R 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


pam 


In a LCR circuit capacitance 1s changed from C to 2 C. For 
the resonant frequency to remain unchanged, the 
inductance should be changed from L to [2004] 
(a) L/2 (b) 2L (c) 4L (d) L/4 
A metal conductor of length 1 m rotates vertically about one 
of its ends at angular velocity 5 radians per second. If the 
horizontal component of earth’s magnetic field is 0.2x10~“T, 
then the e.m.f. developed between the two ends of the 
conductor is [2004] 
(a) S5mV (b) 50uV (c) SpV (d) 50mV 
One conducting U tube can slide inside another as shown 
in figure, maintaining electrical contacts between the tubes. 
The magnetic field B is perpendicular to the plane of the 
figure . If each tube moves towards the other at a constant 
speed v, then the emf induced in the circuit in terms of B, / 


and v where / is the width of each tube, will be [2005] 
xX A X_xX X oy 
x xX x 
. x xF& 
(a) —Blv (b) Blv 
(c) 2 Bly (d) zero 


The self inductance of the motor of an electric fan is 10 H. In 
order to impart maximum power at 50 Hz, it should be 
connected to a capacitance of [2005] 
(a) 8pF (b) 4uF (c) 2uF (d) 1uF 

The phase difference between the alternating current and 


emf is ; . Which of the following cannot be the constituent 
of the circuit? [2005] 
(a) RL (b) Calone (c) Lalone (d) LC 


A circuit has a resistance of 12 ohm and an impedance of 15 
ohm. The power factor of the circuit will be [2005] 
(a) 04 (b) 08 (c) 0125 (d) 1.25 
A coil of inductance 300 mH and resistance 2 Q isconnected 
to a source of voltage 2 V. The current reaches half of its 


steady state value in [2005] 
(a) O.1s (b) 0.05s (c) 03s (d) 0.15s 
2 


Which of the following units denotes the dimension ~ : 
where Q denotes the electric charge? [2006] 
(a) Wh/m? (b) Henry (H) 

(c) Hr? (d) Weber (Wb) 

In a series resonant LCR circuit, the voltage across R is 100 
volts and R= 1 kQ with C = 2uF. The resonant frequency 
is 200 rad/s. At resonance the voltage across Lis [2006| 
(a) 2.5x107V (b) 40V 

(c) 250V (d) 4x10°V 

In an AC generator, a coil with N turns, all of the same area 
A and total resistance R, rotates with frequency in a 
magnetic field B. The maximum value of emf generated in 


the coil is [2006] 
(a) NABR.o (b) NAB 
(c) N.AB.R. (d) NABow 


24. 


2% 


26. 


27. 


28. 
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The flux linked with a coil at any instant 'f' is given by 


= 1017 —50r + 250 


The induced emf at t= 3s is [2006] 
(a) -190V (b) -10V (c) 10V (d) 190V 
An inductor (Z = 100 mH), a resistor (R = 100 Q) and a 
battery (E = 100 V) are initially connected in series as shown 
in the figure. After a long time the battery is disconnected 
after short circuiting the points A and B. The current in the 


circuit 1 ms after the short circuit is ]2006| 
L 
(a) l/eA (b) eA (c) OIA (d) 1A 


In an a.c. circuit the voltage applied is E = E, sin wt. The 


or , Tt 
resulting current in the circuit is J = Jp sin (or — =| . The 


power consumption in the circuit 1s given by [2007] 
El 

(a) P=~J2Eplp (b) P= e 
Fol 

(c) P=zero (d) P= a 


An ideal coil of 10H is connected in series with a resistance 
of 5Q and a battery of SV. 2second after the connection is 
made, the current flowing in ampere in the circuit is [2007] 


(a) (l-e') () (l-e) © e (d) e! 


Two coaxial solenoids are made by winding thin insulated 
wire over a pipe of cross-sectional area A = 10 cm? and 
length = 20 cm. If one of the solenoid has 300 turns and the 
[2008] 


other 400 turns, their mutual inductance is 

(Uy = 4 x 10-7 Tm A“) 

(a) 2.4nx10°H (b) 4.8xx107H 
(c) 4.82x10°H (d) 24nx107*H 
An inductor of inductance L = 400 
mH and resistors of resistance R, 
= 20 and R, = 2Q are connected 
to a battery of emf 12 V as shown 
in the figure. The internal 
resistance of the battery is 
negligible. The switch S is closed 
at t= 0. The potential drop across 


Lasa function of time is : [2009] 
(a) 12 ty b) 6 (1 _ 9t/02 V 

t 
(c) 12e°°V (d) 6e°°V 
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29. A rectangular loop has a sliding connector PQ of length / 


30. 


31. 


oz: 


and resistance R Q and it is moving with a speed v as 
shown. The set-up is placed in a uniform magnetic field 
going into the plane of the paper. The three currents J/,, J, 
and J are [2010] 


RQ 


) . 
@ h=-h=—, I= 
6) h=h= === 
() h=h=I=> 
@ h=h=—, 122 


In the circuit shown below, the key K is closed at t= 0. The 
current through the battery is [2010] 


V 


_—__ 4 


(a) R2 + R2 att =Qand ‘po até= 


V(R + Ry) 
(b) R> att=Qand pp, ati= a 
y VR,Ry 
(c) Ry até =Oand J Re + RE ME= © 
V(R, + Ry) 
(d) RR, att =Oand p att= 


In a series LCR circuit R = 200Q and the voltage and the 
frequency of the main supply is 220V and 50 Hz respectively. 
On taking out the capacitance from the circuit the current 
lags behind the voltage by 30°. On taking out the inductor 
from the circuit the current leads the voltage by 30°. The 


power dissipated in the LCR circuit is [2010] 
(a) 305 W (b) 210W 
(c) Zero W (d) 242W 


A boat is moving due east in a region where the earth's 
magnetic field is 5.0 x 10° NA~! m7! duenorth and horizontal. 
The boat carries a vertical aerial 2 m long. Ifthe speed of the 
boat is 1.50 ms7!, the magnitude of the induced emf in the 


wire of aerial 1s: ]2011] 
(a) 0.75mV (b) 050mV 
(c) 015mV (d) 1mV 


34, 


35. 


36. 


37. 


38. 


A fully charged capacitor C with initial charge gq, is 
connected to a coil of self inductance L at t= 0. The time at 
which the energy is stored equally between the electric and 


the magnetic fields 1s: [2011] 
(a) {vic (b) 2nJZC 
(c) VLC (d) nVLC 


A resistor ‘R’ and 2uF capacitor in series is connected 
through a switch to 200 V direct supply. Across the capacitor 
is aneon bulb that lights up at 120 V. Calculate the value of 
R to make the bulb light up 5 s after the switch has been 
closed. (log, 2.5 = 0.4) [2011] 
(a) 1.7x10°Q (b) 2.7x 10°Q 
(c) 3310/0 (d) 13x 10*Q 
A coil is suspended in a uniform magnetic field, with the 
plane of the coil parallel to the magnetic lines of force. When 
a current 1s passed through the coil it starts oscillating; It 1s 
very difficult to stop. But if an aluminium plate is placed 
near to the coil, it stops. This 1s due to : [2012] 
(a) developement of air current when the plate is placed 
(b) induction of electrical charge on the plate 
(c) shielding of magnetic lines of force as aluminium is a 
paramagnetic material. 
(d) electromagnetic induction in the aluminium plate giving 
rise to electromagnetic damping. 
A metallic rod of length ‘2’ is tied to a string of length 22 and 
made to rotate with angular speed w on a horizontal table 
with one end of the string fixed. Ifthere 1s a vertical magnetic 
field “B’ in the region, the e.m.f. induced across the ends of 


the rod is [JEE Main 2013] 
2Bol? 
(a) 2 
3Bol 
b 
(b) = 
ABwl? 
(c) 2 
5SBol 
(d) 


A ereia loop of radius 0.3 cm lies parallel to amuch bigger 
circular loop of radius 20 cm. The centre of the small loop is 
on the axis of the bigger loop. The distance between their 
centres is 15 cm. If a current of 2.0 A flows through the 
smaller loop, then the flux linked with bigger loop 1s 

[JEE Main 2013] 
(a) 9.1x107-!! weber  (b) 6% 107!! weber 
(c) 3.3x107!! weber (d) 6.6x 10~? weber 
In an LCR circuit as shown below both switches are open 
initially. Now switch S, is closed, S, kept open. (q 1s charge 
on the capacitor and t = RC 1s Capacitive time constant). 
Which of the following statement is correct ? 

|JEE Main 2013] 


Work done by the battery is half of the energy 
dissipated in the resistor 

Att=1,q=CV/2 

Att=21,q=CV(1-e”) 

Att=21,q=CV(l-e'!) 


(b) 
(c) 
(d) 


39. In the circuit shown here, the point ‘C’ is kept connected to 


40. 


point ‘A’ till the current flowing through the circuit becomes 
constant. Afterward, suddenly, point ‘C’ is disconnected from 
point ‘A’ and connected to point “B’ at time t= 0. Ratio of the 
voltage across resistance and the inductor at t = L/R will be 


equal to: [JEE Main 2014] 
A +>, C R 
L 
B 

— b) 1 
@) 7 (b) 

ee 
(c) - (d) — 


An inductor (L = 0.03 H) and a resistor (R = 0.15 kQ) are 
connected in series toa battery of 15 V EMF in a circuit shown 
below. The key K, has been kept closed for a long time. Then 
at t= 0, K, is opened and keyK, is closed simultaneously. At 


t =1 ms, the current in the circuit will be: ( e = 150) 


[JEE Main 2015] 
0.03 H 0.15kQ 
K, 
— 
sv 
(a) 6.7mA (b) 0.67mA 
(c) 100mA (d) 67mA 


42. 


43. 
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An LCR circuit is equivalent to a damped pendulum. In an 
LCR circuit the capacitor is charged to Q, and then connected 
to the L and R as shown below : 


R L, 


C 
If a student plots graphs of the square of maximum charge 


(QR tax ) on the capacitor with time(t) for two different values 


L, and L, (L, > L,) of L then which of the following represents 
this graph correctly ? (plots are schematic and not drawn to 


scale) |JEE Main 2015] 
(a) Orson Qy (For both L, and Ly) 
a 
2 
(c) Qu ax 
Two coaxial solenoids of different radius carry current I in the 


same direction. io be the magnetic force on the inner solenoid 


due to the outer one and Fy be the magnetic force on the 
outer solenoid due to the inner one. Then : [JEE Main 2015] 


(a) iy is radially inwards and FE =0 

(b) io is radially outwards and Ey =0 

() R= =0 

(d) iy is radially inwards and FE is radially outwards 


An arc lamp requires a direct current of 10 A at 80 V to 
function. If it is connected to a 220 V (rms), 50 Hz AC supply, 
the series inductor needed for it to work 1s close to : 

(a) 0.044H (b) 0.065H 

(c) 80H (d) 0.08H 
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Ray and Wave Optics 


Bi Section-A 


A Fill inthe Blanks 8. 


A light wave of frequency 5 x 10! Hz enters a medium of 
refractive index 1.5. In the medium the velocity of the light 
wave ls......... and its wavelength Is .......... (1983 - 2 Marks) 
A convex lens A of focal length 20 cm and a concave lens B 
of focal length 5 cm are kept along the same axis with a 
distance d between them. Ifa parallel beam of light falling 
on A leaves B asa parallel beam, then d is equal to...... cm. 

(1985 - 2 Marks) 
A monochromatic beam of light of wavelength 6000 A in 
vacuum enters a medium of refractive index 1.5. In the 
medium its wavelength is ....., its frequency is ...... 

(1985 - 2 Marks) 
In Young’s double-slit experiment, the two slits act as 
coherent sources of equal amplitude ‘A’ and of wavelength 
*’. In another experiment with the same set-up the two 
slits are sources of equal amplitude ‘A’ and wavelength ‘ , ’, 
but are incoherent. The ratio of the intensity of light at the 
midpoint of the screen in the first case to that in the second 
(1986 - 2 Marks) 
A thin lens of refractive index 1.5 has a focal length of 15 cm 
in air. When the lens is placed in a medium of refractive 


index : , Its focal length will become ........ cm. 


(1987 - 2 Marks) 
A point source emits sound equally in all directions in a 
non-absorbing medium. Two points P and Q are at a distance 
of 9 meters and 25 meters respectively from the source. The 
ratio of amplitudes of the waves at Pand Qis............ 

(1989 - 2 Marks) 
A slab of a material of refractive index 2 shown in fig. has a 
curved surface APB ofradius of curvature 10 cm and a plane 
surface CD. On the left of APB is air and on the right of CD 
is water with refractive indices as given in the figure. An 
object O is placed at a distance of 15 cm from the pole P as 
shown. The distance of the final image of O from P, as viewed 
from the left is ............... (1991 - 2 Marks) 


10. 


11. 


12. 


13. 


14. 


JEE @dvanced/ IIT-JEE 


A thin rod of length f is placed along the optic axis of a 


concave mirror of focal length f such that its image which is 
real and elongated, just touches the rod. The magnification 
(1991 - 1 Mark) 
A ray of light undergoes deviation of 30° when incident on 


an equilateral prism ofrefractive index V2 . The angle made 
by the ray inside the prism with the base of the prism is 
sieteideeienusss (1992 - I Mark) 
The resolving power of electron microscope 1s higher that 
that of an optical microscope because the wavelength of 
electrons 1S .............0008 than the wavelength of visible light. 

(1992 - I Mark) 


If €9 and ug are, respectively, the electric permittivity and 


magnetic permeability of free space, ¢ and wu the 
corresponding quantities in a medium, the index ofrefraction 
of the medium in terms of the above parameters 1s 
ba disewvadese testes (1992 - I Mark) 
A light of wavelength 6000A in air, enters a medium with 
refractive index 1.5 Inside the medium its frequency 1s .... Hz 
and its wavelength is .... A. (1997 - 2 Marks) 
Two thin lenses, when in contact, produce a combination of 
power +10 diopters. When they are 0.25 m apart, the power 
reduces to +6 diopters. The focal length of the lenses are .... 
mand ... m. (1997 - 2 Marks) 
A ray of light is incident normally on one of the faces of a 


prism of apex angle 30° and refractive index ,/2 . Theangle 
of deviation of the ray is... degrees. (1997 - 2 Marks) 


B True/False 


The setting sun appears higher in the sky than it really is. 
(1980) 
The intensity of light at a distance ‘7’ from the axis ofa long 
cylindrical source is inversely proportional to ‘7’. 
(1981- 2 Marks) 
A convex lens of focal length 1 meter anda concave lens of 
focal length 0.25 meter are kept 0.75 meter apart. A parallel 
beam of light first passes through the convex lens, then 
through the concave lens and comes to a focus 0.5 m away 
from the concave lens. (1983 - 2 Marks) 
A beam of white light passing through a hollow prism give 
no spectrum. (1983 - 2 Marks) 
The two slits in a Young’s double slit experiment are 
illuminated by two different sodium lamps emitting light of 
the same wavelength. No interference pattern will be 
observed on the screen. (1984- 2 Marks) 


P-158 
6. 


In a Young’s double slit experiment performed with a source 
of white light, only black and white fringes are observed. 
(1987 - 2 Marks) 
A parallel beam of white light fall on a combination of a 
concave and a convex lens, both of the same meterial. Their 
focal lengths are 15 cm and 30 cm respectively for the mean 
wavelength in white light. On the other side of the lens 
system, one sees coloured patterns with violet colour at the 
outer edge. (1988 - 2 Marks) 


MCQs with One Correct Answer 


When a ray of light enters a glass slab from air, 

(a) its wavelength decreases. 

(b) its wavelength increases. 

(c) Its frequency decreases. 

(d) neither its wavelength nor its frequency changes. 

A glass prism of refractive index 1.5 is immersed 1n water 

(refractive index 4/3). A light beam incident normally on the 

face AB is totally reflected to reach on the face BC if 
(1981-2 Marks) 


(1980) 


8 
(a) scars 
b 2 esing<® 
(b) 5 9 


(c) sin <= 


(d) None of these 


In Young’s double-slit experiment, the separation between 

the slits is halved and the distance between the slits and the 

screen is doubled. The fringe widthis (1981-2 Marks) 

(a) unchanged. (b) halved. 

(c) doubled (d) quadrupled 

A ray of light from a denser medium strike a rarer medium at 

an angle of incidence i (see Fig). The reflected and refracted 

rays make an angle of 90° with each other. The angles of 

reflection and refraction are rand?’ The critical angle is 
(1983 - I Mark) 


i 


ZZ VIG 7 7 


(b) sin@! (tani) 


(c) sin (tanr’) (d) tan”! (sini) 


Two coherent monochromatic light beams of intensities / 
and 4 / are superposed. The maximum and minimum possible 
intensities in the resulting beam are (1988 - 1 Mark) 


(a) Sland/ (b) 5/and 3/ 

(c) 9/7and/ (d) 9/and 3/ 

Spherical aberration in a thin lens can be reduced by 
(1994 - 1 Mark) 


(a) sin! (tanr) 


(a) using a monochromatic light 
(b) using a doublet combination 


Ws 


10. 


11. 


12. 
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(c) using a circular annular mark over the lens 

(d) increasing the size of the lens. 

A beam of light of wave length 600 nm from a distance source 
falls on a single slit 1 mm wide and a resulting diffraction 
pattern is observed on a screen 2m away. The distance 
between the first dark fringes on either side of central bright 


fringe is (1994 - I Mark) 
(a) 12cm (b) 12mm 
(c) 2.4cm (d) 24mm 


An isosceles prism of angle 120° has a refractive index 1.44. 
Two parallel monochromatic rays enter the prism parallel to 
each other in air as shown. The rays emerge from the opposite 
faces (1995S) 


(a) are parallel to each other 

(b) are diverging 

(c) makean angle 2 [sin“! (0.72)— 30°] with each other 
(d) make an angle 2 sin“ (0.72) with each other 

A diminished image of an object is to be obtained on a 


screen 1.0 m from it. This can be achieved by appropriately 
placing (1995S) 


(a) aconcave mirror of suitable focal length 

(b) aconvex mirror of suitable focal length 

(c) aconvex lens of focal length less than 0.25 m 
(d) aconcave lens of suitable focal length 


The focal lengths of the objective and the eye piece of a 
compound microscope are 2.0 cm and 3.0 cm, respectively. 
The distance between the objective and the eye piece is 
15.0 cm. The final image formed by the eye piece is at infinity. 
The two lenses are thin. The distance in cm of the object 
and the image produced by the objective, measured from 
the objective lens, are respectively (1995S) 


(a) 2.4and 12.0 (b) 2.4and 15.0 


(c) 2.0and 12.0 (d) 2.0and3.0 

Consider Fraunhoffer diffraction pattern obtained with a 
single slit illuminated at normal incidence. At the angular 
position of the first diffraction minimum the phase difference 
(in radians) between the wavelets from the opposite edges 
of the slit is (1995S) 
(a) 2/4 (6) xn/2 © 2 (d) 

In an interference arrangement similar to Young’s double- 
slit experiment, the slits S, and S, are illuminated with 
coherent microwave sources, each of frequency 10° Hz. The 
sources are synchronized to have zero phase difference. 
The slits are separated by a distance d = 150.0 m. The 
intensity / (8) is measured as a function of 8, where 6 is 
defined as shown. If /, is the maximum intensity, then / (0) 
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13. 


14. 


15. 


16. 


17. 


18. 


for 0 <@< 90° Is given by | (1995S) 
(a) 1(0)=Ip/2 for 0 = 30° S; 

d/2 
(b) 1(8)=19/4 for 8=90° 0 


(c) J(8)=Ip for 8=0° d/2 


(d) J(8) is constant for all 


values of 0. 
A concave lens of glass, refractive index 1.5 has both 
surfaces of same radius of curvature R. On immersion in a 
medium of refractive index 1.75, it will behave as a 

(1999S - 2 Marks) 

(a) convergent lens of focal length 3.5 R 
(b) convergent lens of focal length 3.0 R 
(c) divergent lens of focal length 3.5 R 
(d) divergent lens of focal length 3.0 R 
Yellow light is used in a single slit diffraction experiment 
with slit width of 0.6 mm. If yellow light is replaced by 
X-— rays, then the observed pattern will reveal, 
(a) that the central maximum is narrower (1999S - 2 Marks) 
(b) more number of fringes 
(c) less number of fringes 
(d) no diffraction pattern 
A thin slice is cut out of a glass cylinder along a plane 
parallel to its axis. The slice is placed on a flat glass plate as 
shown in Figure. 
The observed interference fringes from this combination 
shall be (1999S - 2 Marks) 
(a) straight | | | | 
(b) circular 
(c) equally spaced 
(d) having fringe spacing which increases as we go 

outwards 
A hollow double concave lens is made of very thin 
transparent material. It can be filled with air or either of two 
liquids L, or L, having refractive indices p, and p, 
respectively (uu, > u, > 1). The lens will diverge a parallel 
beam of light ifit is filled with (2000S) 
(a) air and placed in air (b) airand immersed in L, 
(c) L,andimmersedinZ, (d) L,andimmersed in L, 
A point source of light B is placed at a 
distance L in front of the centre of a 
mirror of width 'd' hung vertically on a 
wall. A man walks in front of the mirror 


along a line parallel to the mirror at a va 
distance 2Z from it as shown in fig. The ect, 
greatest distance over which he can see 

the image of the light source in the mirror 

is (2000S) 
(a) d/2 (b) d (c) 2d (d) 3d 


A diverging beam of light from a point source S having 
divergence angle a, falls symmetrically on a glass slab as 
shown. The angles of incidence of the two extreme rays are 
equal. Ifthe thickness of the glass slab is ¢ and the refractive 
index n, then the divergence angle of the emergent beam is 


19. 


20. 


21. 


Ze; 


23. 


(2000S) 


(a) zero 


(c) sin! (2) (d) 2sin7! (4) 


A rectangular glass slab ABCD of refractive index n, is 
immersed in water of refractive index n,(n, > n,). Aray of 
light 1s incident at the surface AB of the slab as shown. The 
maximum value of the angle of incidence a, such that the 
ray comes out only from the other surface CD 1s given by 


(2000S) 


oi) 


y 


(a) sin”! Pos cos| sin 
» afaafer( 


(c) sin! e (d) {7 


; 2 
sin | — 
| nN 
In a double slit experiment instead of taking slits of equal 
widths, one slit is made twice as wide as the other. Then, in 
the interference pattern (2000S) 
(a) the intensities of both the maxima and the minima 
increase 
(b) the intensity of the maxima increases and the minima 
has zero intensity 
(c) the intensity of the maxima decreases and that of the 
minima increases 
(d) the intensity of the maxima decreases and the minima 
has zero intensity 
In a compound microscope, the intermediate image 1s 
(a) virtual, erect and magnified (2000S) 
(b) real, erect and magnified 
(c) real, inverted and magnified 
(d) virtual, erect and reduced 
Two beams of light having intensities / and 4/ interfere to 
produce a fringe pattern on a screen. The phase difference 
between the beams is 17/2 at point A and 7 at point B. Then 
the difference between the resultant intensities at A and B is 
(a) 2/ (b) A (2001S) 
(c) WV (d) 7 
In a Young’s double slit experiment, 12 fringes are observed 
to be formed in a certain segment of the screen when light of 
wavelength 600 nm 1s used. If the wavelength of light is 
changed to 400 nm, number of fringes observed in the same 
segment of the screen is given by (2001S) 


(a) 12 (bt) 18 (c) 4 (d) 30 


24. 


25. 


26. 


Zi: 


28. 


A ray of light passes through four transparent media with 
refractive indices p1,, L,, 1, and 1, as shown in the figure. 
The surfaces of all media are parallel. Ifthe emergent ray CD 
is parallel to the incident ray AB, we musthave (2001S) 


(a) H,=H 
(Cc) H,=Hy 
A given ray of light suffers minimum deviation in an 
equilateral prism P. Additional prism Q and R of identical 
shape and of the same material as P are now added as shown 
in the figure. The ray will now suffer (2001S) 


(a) greater deviation (b) no deviation 

(c) same deviation as before(d) _ total internal reflection 
An observer can see through a pin-hole the top end of a 
thin rod of height h, placed as shown in the figure. The 
beaker height is 3h and its radius h. When the beaker is 
filled with a liquid up to a height 2h, he can see the lower 
end of the rod. Then the refractive index of the liquid is 


(2002S) 
Co») 


3h 


IL, 


SE ad 


2 
S ) 3 3 
@™@ > © fe (0) fe @ 5 


Which one of the following spherical lenses does not exhibit 
dispersion? The radii of curvature of the surfaces of the 
lenses are as given in the diagrams. (2002S) 


In the ideai doubie-siit experiment, when a glass-plate 
(refractive index 1.5) of thickness t is introduced in the path 
of one of the interfering beams (wave-lenght 2), the 


29. 


30. 


31. 
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intensity at the position where the central maximum occurred 
previously remains unchanged. The minimum thickness of 
the glass-plate 1s (2002S) 
(a) 2A b) 203 © AB (dd) oA 

Two plane mirrors A and B are aligned parallel to each other, 
as shown in the figure. A light ray is incident at an angle 30° 
at a point just inside one end of A. The plane of incidence 
coincides with the plane of the figure. The maximum number 
of times the ray undergoes reflections (including the first 


one) before it emerges out is (2002S) 
B 
2/3m 
0.2m 
30° 
\ 
(a) 28 (b) 30 (c) 32 (d) #4 


In the adjacent diagram, CP represents a wavefront and AO 
& BP, the corresponding two rays. Find the condition on 
Q for constructive interference at P between the ray BP and 
reflected ray OP. (2003S) 


(a) cos@ =34/2d (b) cosQ =1/4d 

(c) secQ@-cosQ =A/d (d) secQ@-cosQ =44/d 
The size of the image of an object, which is at infinity, as 
formed by a convex lens of focal length 30 cm is 2 cm. Ifa 
concave lens of focal length 20 cm is placed between the 
convex lens and the image at a distance of 26 cm from the 
convex lens, calculate the new size ofthe image. (2003S) 
(a) d/2 (b) d (c) 2d (d) 3d 

A ray of light is incident at the glass-water interface at an 
angle 1, it emerges finally parallel to the surface of water, 
then the value of , would be (2003S) 


(a) (4/3)sini 
(c) 4/3 


(b) 1/sini 
(d) 1 
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A beam of white light is incident on glass air interface from 
glass to air such that green light just suffers total internal 
reflection. The colors of the light which will come out to air 
are (2004S) 


(a) Violet, Indigo, Blue (b) All colors except green 
(c) Yellow, Orange, Red (d) White light 


An equilateral prism is placed on a horizontal surface. A ray 
PQ is incident onto it. For minimum deviation (2004S) 


(a) PQis horizontal 
(c) RSis horizontal 
(d) Any one will be horizontal 

Monochromatic light of wavelength 400 nm and 560 nm are 
incident simultaneously and normally on double slits 
apparatus whose slits separation is 0.1 mm and screen 
distance is 1m. Distance between areas of total darkness 
will be (2004S) 
(a) 4mm (b) 56mm _ =  (c) 14mm (d) 28mm 

A source emits sound of frequency 600 Hz inside water. 
The frequency heard in air will be equal to (velocity of 
sound in water = 1500 m/s, velocity of sound in air = 300 m/s) 
(a) 3000Hz (b) 120Hz (2004S) 
(c) 600Hz (d) 6000 Hz 

A point object is placed at the centre of a glass sphere of 
radius 6 cm and refractive index 1.5. The distance of virtual 
image from the surface 1s (2004S) 
(a) 6cm (b) 4cm (c) 12cm (d) 9cm 

In Young’s double slit experiment intensity at a point is (1/4) 
of the maximum intensity. Angular position of this point 1s 

(a) sin“ !(A/d) (b) sin“!(A/2d) (2005S) 
(c) sin!(A/3d) (d) sin“!(A/4d) 

A convex lens is in contact with concave lens. The magnitude 
of the ratio of their focal length is 2/3. Their equivalent focal 
length is 30 cm. What are their individual focal lengths? 

(a) -—15,10 (b) -—10,15 (2005S) 
(c) 75,50 (d) -—75,50 

A container is filled with water (u = 1.33) upto a height of 
33.25 cm. Aconcave mirror 1s placed 15 cm above the water 
level and the image of an object placed at the bottom is 
formed 25 cm below the water level. Focal length of the 
mirror 1s LH (2005S) 


(b) QR is horizontal 


(a) 15cm 
(b) 20cm 
(c) —18.31 cm 
(d) 10cm 15 cm 
25 cm 
33.25 cm 


Focal length of the plano-convex lens is 15 cm. A small object 
is placed at A as shown in the figure. The plane surface is 


42. 


43. 


44, 


45. 


46. 


p-161 
(2006 - 3M, —1) 


silvered. The image will form at 


A 20 cm 


(a) 60cmtothe left oflens (b) 12cm tothe left of lens 
(c) 60cmtotheright oflens(d) 30cm to the left of lens 
The graph shows relationship between , ¢ 3, 
object distance and image distance for a } 
equiconvex lens. Then, focal length of the 
lens 1s (2006 - 3M, —1) 
(a) 0.50+0.05cm 
(b) 0.50+0.10cm 
(c) 5.00+0.05 cm 
(d) 5.00+0.10cm"*™ 31 20 -20 =10 
Rays of light from Sun falls on a biconvex lens of focal 
length fand the circular image of Sun of radius r 1s formed 
on the focal plane of the lens. Then (2007) 
(a) Area of image is mr’ and area is directly proportional off 
(b) Area of image is mr’ and area is directly proportional tof? 
(c) Intensity of image increases if fis increased 
(d) If lower half of the lens is covered with black paper 
area will become half 
In an experiment to determine the focal length 
(f) of a concave mirror by the u - v method, a student places 
the object pin A on the principal axis at a distance x from the 
pole P. The student looks at the pin and its inverted image 
from a distance keeping his/her eye in line with PA. When 
the student shifts his/her eye towards left, the image appears 


~0 (-9, +9) 


to the right of the object pin. Then, (2007) 
(a) x<f (b) f<x<2f 
(Cc) x= 2f (d) x > 2f 


A ray of light traveling in water is incident on its surface 

open to air. The angle of incidence is 8, which is less than 

the critical angle. Then there will be (2007) 

(a) onlyareflected ray and no refracted ray 

(b) only arefracted ray and no reflected ray 

(c) areflected ray and arefracted ray and the angle between 
them would be less than 180° — 20 

(d) areflected ray and arefracted ray and the angle between 
them would be greater than 180° — 20 

Two beams of red and violet colours are made to pass 

separately through a prism (angle of the prism is 60°). In the 

position of minimum deviation, the angle of refraction will 

be (2008) 

(a) 30° for both the colours 

(b) greater for the violet colour 

(c) greater for the red colour 

(d) equal but not 30° for both the colours 


P-162 
47. 


Region I 


A light beam is travelling from Region I to IV (figure). The 


No Nog 
"6 


refractive index in regionals I, II, II] and IV are Ng, 5 


No 
8 
the beam just misses entering region IV is — 


and respectively. The angle of incidence 8 for which 


(2008) 


Region II Region III Region IV 
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0.6m 


0 0.2m 


(a) sin! (3/4) (b) sin-! (1/8) 

(c) sin! (1/4) (d) sin! (1/3) 

A ball is dropped from a height of 20 m above the surface of 
water in a lake. The refractive index of water is 4.3. A fish 
inside the lake, in the line of fall of the ball, is looking at the 
ball. At an instant, when the ball is 12.8 m above the water 
surface, the fish sees the speed of ball as [Take g = 10 m/s?.] 
(a) 9m/s (b) 12m/s (2009) 
(c) 16m/s (d) 21.33 m/s 

A biconvex lens of focal length 15 cm 1s in front of a plane 
mirror. The distance between the lens and the mirror is 10 
cm. A small object is kept at a distance of 30 cm from the 
lens. The final image is (2010) 
(a) virtual and ata distance of 16 cm from the mirror 

(b) real and ata distance of 16 cm from the mirror 

(c) virtual and ata distance of 20 cm from the mirror 

(d) real and ata distance of 20 cm from the mirror 

A light ray travelling in glass medium is incident on glass- 
air interface at an angle of incidence 8. The reflected (R) and 


transmitted (T) intensities, both as function of 9, are plotted. 
The correct sketch is (2011) 
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A bi-convex lens is formed with two thin plano-convex lenses 
as shown in the figure. Refractive index n of the first lens is 
1.5 and that ofthe second lens is 1.2. Both the curved surface 
are of the same radius of curvature R = 14 cm. For this bi- 
convex lens, for an object distance of 40 cm, the image 


distance will be (2012) 
n=15%, | . 


R=14cm 
(a) -280.0cm (b) 40.0cm 
(c) 21.5cm (d) 13.3cm 


Young’s double slit experiment is carried out by using green, 
red and blue light, one color at a time. The fringe widths 
recorded are bg, bp and ba, respectively. Then, 
(a) bo> bg> bp (b) bp> be > bp 
(c) be>bp>be (d) be>bo> bz 


(2012) 


1» rm 
A ray of light travelling in the direction 5 (i + V3/) is incident 


on a plane mirror. After reflection, it travels along the direction 


ls a . 
5 (i -V3j) . The angle ofincidenceis (JEE Adv. 2013) 


(a) 30° (c) 60° 
(b) 45° (d) 75° 
In the Young’s double slit experiment using a monochromatic 
light of wavelength A, the path difference (in terms of an 
integer 7) corresponding to any point having half the peak 
intensity is (JEE Ady. 2013) 


(a) (2n +1) (b) (2n +) 


Xr 
(c) Qn+1) (a) Qn+l)— 


A point source S is placed at the bottom of a transparent 
block of height 10 mm and refractive index 2.72. It is immersed 
in a lower refractive index liquid as shown in the figure. It is 
found that the light emerging from the block to the liquid 
forms a circular bright spot of diameter 11.54 mm on the top 
of the block. The refractive index of the liquid is 

(JEE Ady. 2014) 


Liquid 
Block 
S 
(a) 1.21 (b) 1.30 
(c) 1.36 (d) 1.42 


GP_3481 


Ray and Wave Optic 
56. 


57. 


A parallel beam of light is incident from air at an angle a on 
the side PQ ofa right angled triangular prism of refractive 
index n= ./2 . Light undergoes total internal reflection in 


the prism at the face PR when o has a minimum value of 45°. 
The angle 0 of the prism is (JEE Ady. 2016) 


Q R 
(a) 15° (b) 22.5° 
(c) 30° (d) 45° 


A small object is placed 50 cm to the left of a thin convex 
lens of focal length 30 cm. A convex spherical mirror ofradius 
of curvature 100 cm is placed to the right of the lens at a 
distance of 50 cm. The mirror is tilted such that the axis of 
the mirror is at an angle 8 =30° to the axis of the lens, as 
shown in the figure. 


f=30 cm 


i} MCQs with One or More than One Correct 


(50+50V3,-50) 


If the origin of the coordinate system is taken to be at the 
centre of the lens, the coordinates (in cm) of the point (x, y) 
at which the image is formed are (JEE Ady. 2016) 


(a) (0,0) (b) (50-25,3,25) 


(c) (25,253) (d) (125/3,25y3) 


In the Young’ s double slit experiment, the interference 

pattern is found to have an intensity ratio between the bright 

and dark fringes as 9. This implies that (1982 - 3 Marks) 

(a) the intensities at the screen due to the two slits are 5 
units and 4 units respectively 

(b) the intensities at the screen due to the two slits are 4 
units and 1 units respectively 

(c) the amplitude ratio is 3 

(d) the amplitude ratio is 2 

A convex lens of focal length 40 cm is in contact with a 

concave lens of focal length 25 cm . The power of the 

combination 1s (1982 - 3 Marks) 


(a) —1.5 dioptres (b) -—6.5 dioptres 

(c) +6.5 dioptres (d) +6.67 dioptres 

White light is used to illuminate the two slits in a Young’s 
double slit experiment. The separation between the slits 1s b 
and the screen is at a distance d (> b) from the slits. At a 
point on the screen directly in front of one of the slits, certain 
wavelengths are missing. Some of these missing 
wavelengths are (1984- 2 Marks) 


be _ 2b? 
(a) A=—- (b) A=— 
Bb 2b? 
© 37 7 


A converging lens is used to form an image on a screen. 

When the upper half of the lens is covered by an opaque 

screen (1986 - 2 Marks) 

(a) halfthe image will disappear. 

(b) complete image will be formed. 

(c) intensity ofthe image will increase. 

(d) intensity of the image will decrease. 

A short linear object of length b lies along the axis of a 

concave mirror of focal length fat a distanee u from the pole 

of the mirror. The size of the image 1s approximately equal to 
(1988 - 2 Mark) 


@ s(54" . eed 
(©) [et o(- 5) 


A beam of light consisting of red, green and blue colours is 
incident on a right angled prism, fig. The refractive indices 
ofthe material of the prism for the above red, green and blue 
wavelengths are 1.39, 1.44 and 1.47 respectively. The prism 
will (1989 - 2 Mark) 


———> 
—_ @ a 


(a) separate part of the red colour from the green and blue 
colours 

(b) separate part of the blue colour from the red and green 
colours 

(c) separate all the three colours from one another 

(d) not separate even partially any colour from the other 
two colours. 

An astronomical telescope has an angular magnification of 

magnitude 5 for distant objects. The separation between the 

objective and the eyepiece is 36 cm and the final image is 

formed at infinity. Thefocal length f, of the objective and the 

focal length f, of the eyepiece are (1989 - 2 Marks) 

(a) fo=45cmandf,=—9cm (b) f,=50cmandf,= 10cm 

(c) fo=7.2cmandf,=S5cm (d) f,=30cmandf/=6cm. 


10. 


11. 


12. 


13. 


A thin prism P, with angle 4° and made from glass of 

refractive index 1.54 is combined with another thin prism P, 

made from glass of refractive index 1.72 to produce 

dispersion without deviation. The angle of the prism P, is 
(1990 - 2 Marks) 

(a) 5.33° (b) 4° (c) 3° (d) 2.6° 

A planet is observed by an astronomical refracting telescope 

having an objective of focal length 16 m and an eyepiece of 

focal length 2 cm. (1992 - 2 Marks) 

(a) The distance between the objective and the eyepiece 

is 16.02m 

(b) Theangular magnification of the planet is — 800 

(c) Theimage ofthe planet is inverted 

(d) The objective is larger then the eyepiece 


Two thin convex lenses of focal lengths f, and f, are separated 

bya horizontal distance d (where d</,, d</,) and their centres 

are displaced by a vertical separation A as shown in the fig. 
(1993-2 Marks) 


Taking the origin of coordinates O, at the centre of the first 
lens the x and y coordinates of the focal point of this lens 
system, for a parallel beam of rays coming from the left, are 
given by: 


(@) at - 
eee 


Which of the following form(s) a virtual and erect image for 
all positions of the object ? (1996 - 2 Marks) 
(a) Convex lens (b) Concave lens 
(c) Convex mirror (d) Concave mirror. 
A real image ofa distant object is formed by a plano-convex 
lens on its principal axis. Spherical aberration 

(1998 - 2 Marks) 
(a) 1s absent. 
(b) is smaller if the curved surface of the lens faces the 

object. 

(c) issmaller ifthe plane surface of the lens faces the object. 
(d) is the same whichever side of the lens faces the object 
A ray of light travelling in a transparent medium falls on a 
surface separating the medium from air at an angle of incidence 
of 45°. The ray undergoes total internal reflection. If 1s the 
refractive index of the medium with respect to air, select the 
possible value(s) ofn from the following: (1998 - 2 Marks) 
(a) 13 (b) 14 (c) 15 (d) 16 
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A parallel monochromatic beam of light is incident normally 
on a narrow slit. A diffraction pattern is formed on a screen 
placed perpendicular to the direction of the incident beam. 
At the first minimum of the diffraction pattern, the phase 
difference between the rays coming from the two edges of 
the slit is (1998 - 2 Marks) 
(a) 0 (b) 2/2 (c) = (d) 2n 
A concave mirror is placed on a horizontal table, with its axis 
directed vertically upwards. Let O be the pole of the mirror 
and C its centre of curvature. A point object is placed at C. 
It has a real image, also located at C. Ifthe mirror is now 
filled with water, the image will be. (1998 - 2 Marks) 
(a) real, and will remain at C. 
(b) real, and located at a point between C and oo. 
(c) virtual, and located at a point between C and O. 
(d) real, and located at a point between C and O 
A spherical surface of radius of curvature R separates air 
(refractive index 1.0) from glass (refractive index 1.5). The 
centre of curvature is in the glass. A point object P placed in 
air 1s found to have a real image Q in the glass. The line PO 
cuts the surface at a point O, and PO= OQ. The distance PO 
is equal to (1998 - 2 Marks) 
(a) SR (b) 3R (c) 2R (d) 1.5R 
In a Young’s double slit experiment, the separation between 
the two slits is d and the wavelength of the light is A. The 
intensity of light falling on slit 1 1s four times the intensity of 
light falling on slit 2. Choose the correct choice(s). (2008) 
(a) Ifd=A, the screen will contain only one maximum 
(b) IfA<d<2A, at least one more maximum (besides the 
central maximum) will be observed on the screen 
(c) Ifthe intensity of light falling on slit 1 is reduced so 
that it becomes equal to that of slit 2, the intensities of 
the observed dark and bright fringes will increase 
(d) Ifthe intensity of light falling on slit 2 1s increased so 
that 1t becomes equal to that of slit 1, the intensities of 
the observed dark and bright fringes will increase 
A student performed the experiment of determination of focal 
length of a concave mirror by u-v method using an optical 
bench of length 1.5 meter. The focal length of the mirror 
used 1s 24 cm. The maximum error in the location of the 
image can be 0.2 cm. The 5 sets of (u, v ) values recorded by 
the student (in cm) are: 
(42, 56), (48, 48), (60, 40), (66, 33), (78, 39). The data set(s) 
that cannot come from experiment and is (are) incorrectly 
recorded, is (are) (2009) 
(a) (42,56) (b) (48,48) (c) (66,33) (d) (78,39) 
Aray OP of monochromatic light is incident on the face AB 
of prism ABCD near vertex B at an incident angle of 60° (see 
figure). If the refractive index of the material of the prism 1s 


J3 , which of the following is (are) correct? (2010) 
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(a) The ray gets totally internally reflected at face CD 
(b) The ray comes out through face AD 
(c) The angle between the incident ray and the emergent 
ray is 90° 
(d) The angle between the incident ray and the emergent 
ray is 120° 
A transparent thin film of uniform thickness and refractive 
index n, = 1.4 is coated on the convex spherical surface of 
radius R at one end ofa long solid glass cylinder of refractive 
index ny = 1.5, as shown in the figure. Rays of light parallel to 
the axis of the cylinder traversing through the film from air to 
glass get focused at distance f, from the film, while rays of 
light traversing from glass to air get focused at distance f, 
from the film, Then (JEE Ady. 2014) 


Ny 


Air N» 


(a) |fil=3R (b) |fA|=2.8R 


(c) |fo[=2R (d) |f|=1.4R 

A light source, which emits two wavelength 2, =400 nm and 

i, = 600 nm, is used in a Young’s double slit experiment. If 

recorded fringe widths for 1, and A, are B, and B, and the 

number of fringes for them within a distance y on one side of 

the central maximum are m, and m, respectively, then 

(a) B,> (JEE Ady. 2014) 

(b) m,>my, 

(c) Formthe central maximum, 3 maximum of, overlaps 
with 5" minimum of dy 

(d) The angular separation of fringes for 4, is greater 
than 1,. 

Two identical glass rods S, and S, (refractive index = 1.5) 

have one convex end of radius of curvature 10 cm. They are 

placed with the curved surfaces at a distance d as shown in 

the figure, with their axes (shown by the dashed line) aligned. 

When a point source of light P is placed inside rod S, on its 

axis at a distance of 50 cm from the curved face, the light rays 

emanating from it are found to be parallel to the axis inside 

S,. The distance d is (JEE Adv. 2015) 


(a) 60cm = (b) 70cm 
A plano—convex lens is made of a material of refractive index 
n. When a small object is placed 30 cm away in front of the 
curved surface of the lens, an image of double the size of 
the object is produced. Due to reflection from the convex 
surface of the lens, another faint image is observed at a 
distance of 10 cm away from the lens. Which of the following 


(c) 80cm (d) 90cm 


statement(s) is(are) true? (JEE Adv. 2016) 


24. 


25. 
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(a) Therefractive index ofthe lens is 2.5 

(b) The radius of curvature of the convex surface 1s 45 cm 
(c) The faint image is erect and real 

(d) The focal length of the lens 1s 20 cm 

A transparent slab of thickness d has a refractive index n(z) 
that increases with z. Here z is the vertical distance inside 
the slab, measured from the top. The slab is placed between 
two media with uniform refractive indices n, andn, (> nj), 
as shown in the figure. A ray of light is incident with angle 
9., from medium | and emerges in medium 2 with refraction 
angle 0, with a lateral displacement /. (JEE Adv. 2016) 
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Which of the following statement(s) is(are) true? 

(a) n,sinO:=n, sinO, 

(b) n, sin 0, =(n, —n,) sin®, 

(c) /1s independent of n, 

(d) is dependent on n(z) 

While conducting the Young’s double slit experiment, a 
student replaced the two slits with a large opaque plate in 
the x-y plane containing two small holes that act as two 
coherent point sources (S,, S,) emitting light of wavelength 
600 nm. The student mistakenly placed the screen parallel 
to the x-z plane (for z > 0) at a distance D = 3 m from the mid- 
point of S.S,, as shown schematically in the figure. The 
distance between the sources d = 0.6003 mm. The origin O is 
at the intersection of the screen and the line joining S'S... 
Which of the following is(are) true of the intensity pattern 
on the screen? (JEE Adv. 2016) 


(a) Straight bright and dark bands parallel to the x-axis 
(b) The region very close to the point O will be dark 

(c) Hyperbolic bright and dark bands with foci 
symmetrically placed about O in the x-direction 

Semi circular bright and dark bands centered at point. 


Subjective Problems 


A pin is placed 10 cm in front ofa convex lens of focal length 
20 cm, made a material of refractive index 1.5. The surface of 
the lens farther away from the pin is silvered and has a 
radius of curvature are of 22 cm. Determine the position of 
the final image. Is the image real as virtual? (1978) 
A ray of light is incident at an angle of 60° on one face of 
prism which has an angle of 30°. The ray emerging out of 
the prism makes an angle of 30° with the incident ray. Show 
that the emergent ray is perpendicular to the face through 
which it emerges and calculate the refractive index of the 
material of the prism. (1978) 
A rectangular block of glass is placed on a printed page 
lying on a horizontal surface. Find the minimum value ofthe 
refractive index of glass for which the letters on the page are 
not visible from any of the vertical faces of the block. (1979) 
What is the relation between the refractive indices 1, and 
U,, if the behaviour of light rays is as shown in the figure? 
(1979) 


An object is placed 21 cm in front of a concave mirror of 
radius of curvature 10 cm. A glass slab of thickness 3 cm 
and refractive index 1.5 is then placed close to the mirror in 
the space between the object and the mirror. 
Find the position of the final image formed. (You may take 
the distance of the near surface of the slab from the mirror to 
be 1 cm. (1980) 
The convex surface of a thin concavo-convex lens of glass 
ofrefractive index 1.5 has aradius of curvature 20 cm. The 
concave surface has a radius of curvature 60 cm. The convex 
side is silvered and placed on a horizontal surface. 

(1981- 6 Marks) 


ae 

(i) Where should a pin be placed on the optic axis such 
that its image is formed at the same place? 

(i) Ifthe concave part is filled with water of refractive 
index 4/3, find the distance through which the pin 
should be moved so that the image of the pin again 
coincides with the pin. 

Screen S is illuminated by two point sources A and B. Another 

source C sends a parallel beam of light towards point P on 

the screen (see figure). Line AP is normal to the screen and 
the lines AP, BP and CP are in one plane. The distance AP, 

BP and CP are 3 m, 1.5m and 1.5 m respectively. The radiant 

powers of sources A and B are 90 watts and 180 watts 

respectively. The beam from C 1s of intensity 20 watts/m2. 

Calculate the intensity at P on the screen.(1982 - 5 Marks) 
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A plano convex lens has a thickness of 4 cm . When placed 
on a horizontal table, with the curved surface in contact with 
it, the apparent depth of the bottom most point of the lens is 
found to be 3 cm. If the lens is inverted such that the plane 
face is in contact with the table, the apparent depth of the 
centre of the plane face is found to be 25/8 cm. Find the focal 
length of the lens. (1984- 6 Marks) 

A beam of light consisting of two wavelengths, 6500A and 

5200A, is used obtain interference fringes in a Young’s 

double slit experiment : (1985 - 6 Marks) 

(i) Find the distance of the third bright fringe on the screen 
from the central maximum for wavelength 6500A. 

(1) What is the least distance from the central maximum 
where the bright fringes due to both the wavelengths 
coincide? 

The distance between the slits is 2 mm and the distance 
between the plane of the slits and the screen is 
120 cm. 

Monochromatic light is incident on a plane interface AB 

between two media of refractive indices n, and n, (n, >n,) 

at an angle of incidence § as shown in fig. The angle 6 is 
infinitesimally greater than the critical angle for the two media 

so that total internal reflection takes place. Now if a 

transparent slab DEFG of uniform thickness and of refractive 

index n, is introduced on the interface (as shown in the 
figure), show that for any value of 7, all light will ultimately 
be reflected back again into medium IJ. Consider separately 


the cases (1986 - 6 Marks) 
(i) 3 <n and (i) m3 >n,. 
MEDIUM 1 
n 
Di seease ——e E 
: MEDIUM I 
G" (n3) 'F 


MEDIUM II 
(n>) 


A right prism is to be made by selecting a proper material 
and the angles A and B (B< A), as shown in Figure. It is 


desired that a ray of light incident on the face AB emerges 
parallel to the incident direction after two internal reflections. 
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12. 


13. 


14. 


15. 


C 
(i) What should be the minimum refractive index n for this 
to be possible ? 


(i) For y= ° is 1t possible to achieve this with the angle 


B equal to 30 degrees ? (1987 - 7 Marks) 
A parallel beam of light travelling in water (refractive index 
= 4/3) is refracted bya spherical air bubble of radius 2 mm 
situated in water. Assuming the light rays to be paraxial 

(1988 - 6 Marks) 

() Find the position of the image due to refraction at the first 

surface and the position of the final image. 
(i) Drawaray diagram showing the positions of both the 

images. 
In a modified Young’s double slit experiment, a 
monochromatic uniform and parallel beam of light of 
wavelength 6000 A and intensity (10/ = ) Wm is incident 
normally on two circular apertures A and B of radii 0.001 m 
and 0.002 m respectively. A perfectly transparent film of 
thickness 2000 A and refractive index 1.5 for the wavelength 
of 6000 A is placed in front of aperture A, see fig. Calculate 
the power (in watts) received at the focal spot F of the lens. 
The lens is symmetrically placed with respect to the 
apertures. Assume that 10% of the power received by each 
aperture goes in the original direction and is brought to the 
focal spot. (1989 - 8 Mark) 


Glass 
plate 


Tf 


Glass 
plate 


A narrow monochromatic beam of light 
of intensity I is incident on a glass plate 
as shown in figure. Another identical 
glass plate is kept close to the first one 
and parallel to it. Each glass plate 
reflects 25 per cent of the light incident 
on it and transmits the remaining. Find 
the ratio of the minimum and the 
maximum intensities in the interference pattern formed by 
the two beams obtained after one reflection at each plate. 
(1990 - 7 Mark) 
Two parallel beams of light P and Q (separation d) containing 
radiations of wavelengths 4000 A and 5000 A (which are 
mutually coherent in each wavelength separately) are 
incident normally on a prism as shown in fig. The refractive 
index of the prism as a function of wavelength is given by 


16. 


17. 


18. 


P-167 


the relation. w(A) = 1.20 + * where , is in A and bis 


positive constant. The value of d is such that the condition 
for total reflection of the face AC 1s just satisfied for one 
wave length and is not satisfied for the other. 

A (1991 -2+2+4 Marks) 


sin 8 = 0.8 


C 


(a) Find the value of b. 

(b) Find the deviation of the beams transmitted through 
the face AC 

(c) A convergent lens is used to bring these transmitted 
beams into focus. Ifthe intensities of transmission form 
the face AC, are 41 and / respectively, find the resultant 
intensity at the focus. 

Light is incident at an angle q on one planar end of a 

transparent cylindrical rod of refractive index p.. Determine 

the least value of us so that the light entering the rod does 

not emerge from the curved surface of rod irrespective of 

the value of a (1992 - 8 Marks) 


In Fig., Sis a monochromatic point source emitting light of 
wavelength 1 = 500nm.A thin lens of circular shape and 
focal length 0.10 m is cut into two identical halves L, and L, 
by a plane passing through a diameter. The two halves are 
placed symmetrically about the central axis SO with a gap of 
0.5 mm. The distance along the axis from S to L, and L, is 
0.15 m while that from L, and L, to Ois 1.30 m. The screen at 
O 1s normal to SO. (1993 -5+1 Marks) 


L; 
S 


(i) Ifthe third intensity maximum occurs at the point A on 
the screen, find the distance OA. 

(il) Ifthe gap between L, and L, is reduced from its original 
value of 0.5mm, will the distance OA increase, decrease, 
or remain the same? 

An image Y is formed of point object X by a lens whose 

optic axis is AB as shown in figure. Draw a ray diagram to 

locate the lens and its focus. Ifthe image Y of the object _XY 
is formed bya concave mirror (Having the same axis as AB) 


19. 


20. 


Zi, 


instead of lens, draw another ray diagram to locate the mirror 

and its focus. Write down the steps of construction of the 

ray diagrams. (1994 - 6 Marks) 
eX 


oY 
A ray of light travelling in air is incident at grazing angle 
(incident angle = 90° ) on a long rectangular slab of a 
transparent medium of thickness t = 1.0 m (see figure below). 
The point of incidence is the origin A(0, 0). The medium has 
a variable index of refraction n(y) given by 


n(y) = [Ay?/? + i}!/?, wherek= 1.0 (metre) >! 


B(x, y) 
MEDIUM 


A(0,0) AIR 

The refractive index of air is 1.0. (1995 - 10 Marks) 

(a) Obtain a relation between the slope of the trajectory of 
the ray at a pint B(x, y) in the medium and the incident 
angle at that point. 

(b) Obtain an equation for the trajectory (x) of the ray in 
the medium. 

(c) Determine the coordinates (x,,y,) of the point P, 
where the ray intersects the upper surface of the slab- 
air boundary. 

(d) Indicate the path of the ray subsequently. 

A right angled prism (45° -90°-45°) ofrefractive index n has 

a plate of refractive index n(n, <n) cemented to its diagonal 

face. The assembly is in air. Aray is incident on AB. 


B B 


(i) Calculate the angle of incidence at AB for which the 
ray strikes the diagonal face at the critical angle. 

(i) Assuming n= 1.352 calculate the angle of incidence at 
AB for which the refracted ray passes through the 
diagonal face undeviated. (1996 - 3 Marks) 

A double-slit apparatus is immersed in a liquid of refractive 

index 1.33. It has slit separation of 1mm, and distance 

between the plane of slits and screen is 1.33 m. The slits are 
illuminated by a parallel beam of light whose wavelength in 
air is 6300 A. (1996 - 3 Marks) 

(i) Calculate the fringe-width. 

(i) One of the slits of the apparatus is covered by a thin 
glass sheet of refractive index 1.53. Find the smallest 
thickness of the sheet to bring the adjacent minimum 
on the axis. 


PRY 


24. 


25. 


eo — )Ssopic-wise Solved Papers - PHYSICS 
22. 


A thin plano-convex lens of focal length fis split into two 
halves: one of the halves is shifted along the optical axis . 
The separation between object and image planes is 1.8 m. 
The magnification of the image formed by one of the half- 
lenses is 2. Find the focal-length of the lens and separation 
between the two halves. Draw the ray diagram for image 
formation. (1996 - 5 Marks) 


In Young’s experiment, the upper slit is covered by a thin 
glass plate of refractive index 1.4 while the lower slit is 
covered by another glass plate, having the same thickness 
as the first one but having refractive index 1.7. Interference 
pattern is observed using light of wavelength 5400 A. It is 
found that the point P on the screen where the central 
maximum (n = 0) fells before the glass plates were inserted 
now has 3/4 the original intensity. It is further observed that 
what used to be the fifth maximum earlier, lies below the 
point P while the sixth minimum lies above P. Calculate the 
thickness of the glass plate. (Absorption of light by glass 
plate may be neglected.) (1997 - 5 Marks) 
A prism of refractive index n, and another prism of refractive 
index n, are stuck together without a gap as shown in Figure. 


2 
The angles of the prisms are as shown. n, and n, depend on 


XA, the wavelength of light, according to 
4 1.80 x 104 
my = 1.204 2 and ny = 1.45+———— 
r r 
where A is in nm. ; (1998 - 8 Marks) 


(a) Calculate the wavelength i, for which rays incident at 
any angle on the interface BC pass through without 
bending at that interface. 

(b) For light of wavelength 1, find the angle of incidence 
1 on the face AC such that the deviation produced by 
the combination of prisms is minimum. 

A coherent parallel beam of microwaves of wavelength A = 

0.5 mm falls on a Young’s double slit apparatus. The 

separation between the slits is 1.0 mm. The intensity of 

microwaves is measured on a screen placed parallel to the 
plane of the slits at a distance of 1.0 m from it as shown in 

Fig. 
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26. 


27. 


28. 


d=1.0 mm 


(a) Ifthe incident beam falls normally on the double slit 
apparatus, find the y-coordinates ofall the interference 
minima on the screen. 

(b) Ifthe incident beam makes an angle of 30° with the x 
axis (as in the dotted arrow shown in Figure), find the 
y-coordinate of the first minima on either side of the 
central maximum. (1998 - 8 Marks) 

The Young’s double slit experiment is done in a medium of 

refractive index 4/3. A light of 600 nm wavelength is falling 

on the slits having 0.45 mm separation. The lower slit S, is 
covered by a thin glass sheet of thickness 10.4 wm and 
refractive index 1.5. The interference pattern is observed on 

a screen placed 1.5 m from the slits as shown in Figure. 

(1999 - 10 Marks) 


(a) Find the location ofthe central maximum (bright fringe 
with zero path difference) on the y — axis. 

(b) Find the light intensity at point O relative to the 
maximum fringe intensity. 

(c) Now, if 600 nm light is replaced by white light ofrange 
400 to 700 nm, find the wavelengths of the light that 
form maxima exactly at point O. 

[All wavelengths in this problem are for the given 
medium of refractive index 4/3. Ignore dispersion | 

The x — y plane is the boundary between two transparent 


media. Medium —1 with z>0 has a refractive index 2 


and medium —2 with z < 0 hasa refractive index mi .Aray 


of light in medium —1 given by the vector A = 6V3i + 8V3 J 


—10 k is incident on the plane of separation. Find the unit 
vector in the direction of the refracted ray in medium —2. 
(1999 - 10 Marks) 
A quarter cylinder of radius R and refractive index 1.5 is 
placed on a table. A point object P is kept at a distance of mR 
from it. Find the value of m for which a ray from P will emerge 
parallel to the table as shown in Figure. (1999 - 5 Marks) 


29. 


30. 


31. 


P 
k<—mR—>!<R->! 


(a) A convex lens of focal length 15 cm and a cancave 
mirror of focal length 30 cm are kept with their optic 
axes PQ and RS parallel but separated in vertical 
direction by 0.6 cm as shown. The distance between 
the lens and mirror is 30 cm. An upright object AB of 
height 1.2 cm is placed on the optic axis PQ of the lens 


at a distance of 20 cm from the lens. If A'B' is the 
image after refraction from the lens and reflection from 


the mirror, find the distance of A’B' from the pole of 
the mirror and obtain its magnification. Also locate 


position of A' and B' with respect to the optic axis 


RS. (2000 - 6 Marks) 
Q 
0.6cm 
> Fre es 
<i +] 


(b) A glass plate of refractive index 1.5 is coated with a 
thin layer of thickness t and refractive index 1.8. Light 
of wavelength A travelling in air is incident normally on 
the layer. It is partly reflected at the upper and the 
lower surface of the layer and the two reflected rays 
interfere. Write the condition for their constructive 
interference. If = 648 nm, obtain the least value of t for 
which the rays interfere constructively. 


(2000 - 4 Marks) 


The refractive indices of the crown glass for blue and red 
lights are 1.51 and 1.49 respectively and those of flint glass 
are 1.77 and 1.73 respectively. An isosceles prism of angle 
6° is made of crown glass. A beam of white light is incident 
at a small angle on this prism. The other flint glass isosceles 
prism is combined with the crown glass prism such that 
there is no deviation of the incident light. Determine the 
angle of the flint glass prism. Calculate the net dispersion of 
the combined system. (2001 - 5 Marks) 
A vessel ABCD of 10 cm width has two small slits S, and S, 
sealed with identical glass plates of equal thickness. The 
distance between the slits is 0.8 mm. POQ is the line 
perpendicular to the plane AB and passing through O, the 
middle point of S, and S,. A monochromatic light source is 
kept at S, 40 cm below P and 2 m from the vessel, to illuminate 


P-170 


OZ. 


33. 


the slits as shown in the figure below. Calculate the position 
of the central bright fringe on the other wall CD with respect 
to the line OQ. Now, a liquid is poured into the vessel and 
filled upto OQ. The central bright fringe is found to be at Q. 
Calculate the refractive index of the liquid.(2001-5 Marks) 


A thin biconvex lens of refractive index 3/2 is placed on a 
horizontal plane mirror as shown in the figure. The space 
between the lens and the mirror is then filled with water of 
refractive index 4/3. It is found that when a point object 1s 
placed 15 cm above the lens on its principal axis, the object 
coincides with its own image. On repeating with another 
liquid, the object and the image again coincide at a distance 
25 cm from the lens. Calculate the refractive index of the 
liquid. (2001-5 Marks) 
el 
A point source S emitting light of wavelength 600 nm is 
placed at a very small height h above a flat reflecting surface 
AB (see figure). The intensity of the reflected light is 36% 
of the incident intensity. Interference fringes are observed 
on a screen placed parallel to the reflecting surface at a 
very large distance D from it. (2002 - 5 Marks) 


Screen 


np @S 


(a) What is the shape of the interference fringes on the 
screen? 

(b) Calculate the ratio of the minimum to the maximum 
intensities in the interference fringes formed near the 
point P (shown in the figure). 

(c) Ifthe intensity at point P corresponds to amaximum, 
calculate the minimum distance through which the 
reflecting surface AB should be shifted so that the 
intensity at P again becomes maximum. 


35. 


36. 


37. 


38. 


eo _.__ Topic-wise Solved Papers - PHYSICS 
34. 


Find the focal length of the lens shown in the figure. The 
radu of curvature of both the surfaces are equal to R. 


(2003 - 2 Marks) 


By © Bg <P 


Shown in the figure is a prism of angle 30° and refractive 


index Hp = V3 Face AC of the prism is covered with a thin 
film of refractive index ,,= 2.2. A monochromatic light of 
wavelength A = 550 nm fall on the face AB at an angle of 
incidence of 60°. (2003 - 4 Marks) 


A r 


b= 2.2 

Calculate 

(a) angle of emergence. 

(b) minimum value of thickness ¢ so that intensity of 
emergent ray is maximum. 

A ray Is incident on a medium consisting of two boundaries, 

one plane and other curved as shown in the figure. The 

plane surface makes an angle 60° with horizontal and curved 

surface has radius of curvature 0.4 m. The refractive indices 

of the medium and its environment are shown in the figure. 

If after refraction at both the surfaces the ray meets principle 

axis at P, find OP. (2004 - 2 Marks) 


In YDSE a light containing two wavelengths 500 nm and 
700 nm are used. Find the minimum distance where maxima 
of two wavelengths coincide. Given D/d= 10°, where D is 
the distance between the slits and the screen and d is the 
distance between the slits. (2004 - 4 Marks) 
An object is moving with velocity 0.01 m/s towards a convex 
lens of focal length 0.3 m. Find the magnitude of rate of 
separation of image from the lens when the object is at a 
distance of 0.4 m from the lens. Also calculate the magnitude 
of the rate of change of the lateral magnification. 

(2004 - 4 Marks) 
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39. What will be the minimum angle of incidence such that the B D 
total internal reflection occurs on both the surfaces? 


(2005 - 2 Marks) 


(a) the angle of incidence, so that the emergent ray from 


40. Two identical prisms of refractive index ./3 are kept as the first prism has minimum deviation. 
shown in the figure. A light ray strikes the first prism at face (b) through what angle the prism DCE should be rotated 
AB. Find, (2005 - 4 Marks) about C so that the final emergent ray also has 
minimum deviation. 


\3m=6- Match the Following 


DIRECTIONS (Q. No. 1-4) : Each question contains statements given in two columns, which have to 
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column- 
IT are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR 
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these 
questions have to be darkened as illustrated in the following example : 


If the correct matches are A-p, s and t; B-g and r; C-p and q; and D-s then the correct darkening of 
bubbles will look like the given. 


1. A simple telescope used to view distant objects has eyepiece and objective lens of focal lengths f, and f,, respectively. Then 
(2006 - 6M) 
Column I Column II 
(A) Intensity of light received by lens (p) Radius of aperture 
(B) Angular magnification (q) Dispersion of lens 
(C) Length of telescope (r) Focal length of objective lens and eyepiece lens 
(D) Sharpness of image (s) Spherical aberration 


2. Anoptical component and an object S placed along its optic axis are given in Column IJ. The distance between the object and the 
component can be varied. The properties of images are given in Column II. Match all the properties of images from Column II with 
the appropriate components given in Column I. Indicate your answer by darkening the appropriate bubbles of the 4 x 4 matrix 
given in the ORS. (2008) 

Column! Column II 


(A) 


(p) realimage 


(q) virtual image 


(C) (r) magnified image 


(D) (s) imageat infinity 


3. Column-I shows four situations of standard Young’s double slit arrangement with the screen placed far away from the slits S 
and S,. In each of these cases S,P) =S,Py, S,P,-S,P,=A/4 and S,P,—S,P,= 4/3, where / is the wavelength of the light used. In 
the cases B, C and D, a transparent sheet of refractive index w and thickness ¢ is pasted on slit S,. The thicknesses of the sheets 
are different in different cases. The phase difference between the light waves reaching a point P on the screen from the two slits 
is denoted by 65 (P) and the intensity by /(P). Match each situation given in Column-I with the statetment(s) in Column-II valid 
for that situation. (2009) 


Column-I 
| : 
S5 P, 
(A) Po 
5) 


P, 
S5 P, 
_ Po 
®) pcvenage - 
P, 
S5 P, 
(C) (u-1)t=A/2 
5; 
| 
P, 
S5 P, 
Po 
(D) (u—1)t=3A/4 a 7 


ne) 
=) 


Two transparent media ofrefractive indices 1, and 1; have a solid lens shaped transparent material of refractive index 1, between 
them as shown in figures in Column II. Aray traversing these media 1s also shown in the figures. In Column I different relationships 
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Column-IlI 


(p) d(Py)=0 


(q) 5(P))=0 


(r) 1(P,))=0 


(s) UPo)>L(P)) 


(t) AP,)>L(P,) 


between , Hy and pW; are given. Match them to the ray diagrams shown in Column II. (2010) 


Column I 


(A) My <M 


(B) pb) >, 


© by) =h; 


(D) p> Hy; 


Column IT 
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DIRECTION (Q. No. 5 & 6) Following question has matching lists. The codes for the lists have choices (a), (b), (c) and (d) out of 

which ONLY ONE is correct. 

5.  Aright angled prism of refractive index 1, is placed in a rectangular block of refractive index y1,, which is surrounded bya medium 
of refractive index 14, as shown in the figure. A ray of light 'e’ enters the rectangular block at normal incidence. Depending upon 


the relationships between 1, 5 and 13, it takes one of the four possible paths 'ef’, 'eg', 'eh' or 'e1'. 
Match the paths in List I with conditions ofrefractive indices in List II and select the correct answer using the codes given below 


the lists: (JEE Adv. 2013) 
List I List II 
PR ens 1 Wy > V2p 
Q eg 2. b>, and p,> p, : 
R evh 3. Wy = My 
S. ei 4. << V2 and 1, > Ll, 
Codes: 
P Q R S 
(a) 2 3 l 4 
(b) l 2 4 3 
(c) 4 l wp) 3 
(d) 2 3 4 1 


6. Four combinations oftwo thin lenses are given in List-I. The radius of curvature of all curved surfaces 1s r and the refractive index 
of all the lenses 1s 1.5. Match lens combinations in List-I with their focal length in List-I and select the correct answer using the 
code given below the lists. (JEE Ady. 2014) 


List - I 
P. 1. 2 
Q . = 
; % 
R. 3. #-r 
S. 4. fr 
Codes: 
(a) P-1,Q-2,R-3,S-4 (b) P-2,Q-4,R-3, S-1 (c) P-4, Q-1, R-2, S-3 (d) P-2,Q-1, R-3, S-4 
‘em §6Comprehension Based Questions bs 
PASSAGE- 1 V/A | 
medium- | 


The figure shows a surface XY separating two transparent media, ‘ 
medium-1 and medium-2. The line ab and cd represent waveforms x x 


tah 
of a light wave travelling in medium-1 and incident on XY. The . 
lines ef and gh represent wavefronts of the light wave in medium- medium-2 
2 after refraction. (2007) Cg 


1. Light travelsasa 
(a) parallel beam in each medium 
(b) convergent beam in each medium 
(c) divergent beam in each medium 
(d) divergent beam in one medium and convergent beam 
in the other medium. 
2. The phases of the light wave at c, d, e and fare @,, b,, 6, and 
, respectively. It is given that >, # o> 
(a) , cannot be equal to 6, 
(b) , can be equal to 6, 
(c) (4—,) 1s equal to (O, — ,) 
(d) (,—9,) is not equal to (o,— 9.) 
3. Speed of light is 
(a) thesamein medium-1 and medium-2 
(b) larger in medium-1 than in medium-2 
(c) larger in medium-2 than in medium-1 
(d) different at band d. 


PASSAGE-2 
Most materials have the refractive index, n > 1. So, when a light 
ray from air enters a naturally occurring material, then by Snell’s 
sin8,; Mm .. 
—— = a it is understood that the refracted ray bends 
sin 05 ny 
towards the normal. But it never emerges on the same side of the 


law, 


normal as the incident ray. According to electromagnetism ney 


refractive index of the medium is given by the relation, C 
v=+,/e,u,, where c is the speed of electromagnetic waves in 


vacuum, v its speed in the medium, ¢, and 1, are the relative 
permittivity and permeability of the medium respectively. 


In normal materials, both ¢, and u,, are positive, implying positive 


n for the medium. When both ¢, and u, are negative, one must 


choose the negative root of n. Such negative refractive index 
materials can now be artificially prepared and are called meta- 
materials. They exhibit significantly different optical behavior, 
without violating any physical laws. Since n is negative, it results 
in a change in the direction of propagation of the refracted light. 
However, similar to normal materials, the frequency of light remains 
unchanged upon refraction even in meta-materials. (2012) 
4. For light incident from air on a meta-material, the appropriate 
ray diagram is 


(a) Meta-material : \*s (b) Meta-material ! 


Air 
(c) Meta 


-material -material Oe 
Oy 
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5. Choose the correct statement. 
(a) Thespeed of light in the meta-material is v=c|n| 


The speed of light in the meta-material is v = al 


(b) 


(c) Thespeed of light in the meta-material is v=c. 

(d) The wavelength ofthe light in the meta-material (A) 
is given byA,, =A,., |n|, where 1,.. 1s wavelength of the 
light in air. 

PASSAGE-3 

Light guidance in an optical fibre can be understood by considering 
a structure comprising of thin solid glass cylinder of refractive 
index n, surrounded by a medium of lower refractive index n,. 
The light guidance in the structure takes place due to successive 
total internal reflections at the interface of the media n, and n, as 
shown in the figure. All rays with the angle of incidence i less 
than a particular value i, are confined in the medium of refractive 
index n,. The numerical aperture (NA) of the structure is defined 
as sin 1... 


n{> ny 


Air Cladding A2 


6. Fortwo structure namely S, with n, = V45/4 and n,=3/2, 


and S, with n, = 8/5 and n, = 7/5 and taking the refractive 
index of water to be 4/3 and that of air to be 1, the correct 
option(s) is(are) (JEE Adv. 2015) 
(a) NA of S, immersed in water is the same as that of S, 


ee 16 
immersed in a liquid of refractive index 315 Jis 


6 
(b) NA ofS, immersed in liquid ofrefractive index Vis 1S 


the same as that of S, immersed in water 
(c) NA ofS, placed in air is the same as that of S, immersed 


4 
in liquid of refractive index Vis 


(d) NA ofS, placed in air is the same as that of S, placed in 


water 


7. Iftwo structure of same cross-sectional area, but different 
numerical apertures NA, and NA,(NA, < NA/,) are joined 
longitudinally, the numerical aperture of the combined 
structure is (JEE Ady. 2015) 


NA, NAy 
@) NA + NA (b) NA, +NAy 
(c) NA, (d) NA, 
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1: Assertion & Reason Type Questions 


STATEMENT-1 (2007) 

The formula connecting u, v and ffor a spherical mirror 1s 

valid for mirrors whose sizes are very small compared to 

their radii of curvature. 

because 

STATEMENT-2 

Laws of reflection are strictly valid for plane surfaces, but 

not for large spherical surfaces. 

(a) Statement-1 is True, Statement-2 is True; Statement-2 
is a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement-1 is True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 1s True 


I Integer Value Correct Type 


The focal length ofa thin biconvex lens is 20 cm. When an 
object is moved from a distance of 25 cm in front of it to 50 
cm, the magnification of its image changes from m,, to m.». 


, se, 
The ratio 1S (2010) 
mMs0 


A large glass slab (u = 5/3) of thickness 8 cm is placed over 


a point source of light on a plane surface. It is seen that light 
emerges out of the top surface of the slab from a circular 
area of radius R cm. What is the value of R? (2010) 
Image of an object approaching a convex mirror of radius of 
curvature 20 m along its optical axis is observed to move 


25 50 
from =m to— m in 30 seconds. What is the speed of the 
object in km per hour? (2010) 


Water (with refractive index = : ) in a tank is 18 cm deep. Oil 


. _ 
of refractive index 7 lies on water making a convex surface 


of radius of curvature “R = 6 cm’ as shown. Consider oil to 

act as a thin lens. An object ‘S’ is placed 24 cm above water 

surface. The location of its image is at ‘x’ cm above the 

bottom of the tank. Then ‘x’ is (2011) 
eS 


R=6cm : uw =1.0 


A Young's double slit interference arrangement with slits S, 


a a 4 
and _S, is immersed in water (refractive index = 3 ) as shown 


in the figure. The positions of maximum on the surface of 
water are given by x* = p2m*)2 — d*, where A is the 
wavelength of light in air (refractive index = 1), 2d is the 
separation between the slits and m is an integer. The value 
of p is (JEE Adv. 2015) 


Consider a concave mirror and a convex lens (refractive index 
= 1.5) of focal length 10 cm each, separated by a distance of 
50 cm in air (refractive index = 1) as shown in the figure. An 
object is placed at a distance of 15 cm from the mirror. Its 
erect image formed by this combination has magnification 
M_,. When the set-up is kept in a medium of refractive index 
M» 


7 ee 
6° the magnification becomes M,. The magnitude 1s 


(JEE Ady. 2015) 
15cm 


50cm 


The monochromatic beam of light is incident at 60° on one 
face of an equilateral prism of refractive index n and emerges 
from the opposite face making an angle 0(n) with the normal 


dé 
(see the figure). For n= ./3 the value of 0 is 60° and an” 


The value of m is (JEE Ady. 2015) 


10. 


Section-B 


An astronomical telescope has a large aperture to 
(a) reduce spherical aberration 

(b) have high resolution 

(c) increase span of observation 

(d) have low dispersion. 

Iftwo mirrors are kept at 60° to each other, then the number 


[2002] 


of images formed by them is [2002] 
(a) 5 (b) 6 (c) 7 (d) 8 

Electromagnetic waves are transverse in nature 1s evident 
by [2002] 


(a) polarization (b) interference 
(c) reflection (d) diffraction 
Wavelength of light used in an optical instrument are 


A, =4000A and A, =5000A, then ratio of their 


respective resolving powers (corresponding to A, and A, ) 

1s [2002] 

(a) 16:25 (b)9:1 (c) 4:5 (d) 5:4. 

Which of the following is used in optical fibres? 

(a) total internal reflection 

(b) scattering 

(c) diffraction 

(d) refraction. 

Consider telecommunication through optical fibres. 

Which of the following statements 1s not true? 

(a) Optical fibres can be of graded refractive index 

(b) Optical fibres are subject to electromagnetic 
interference from outside 

(c) Optical fibres have extremely low transmission loss 

(d) Optical fibres may have homogeneous core with a 
suitable cladding. 

To demonstrate the phenomenon of interference, we require 

two sources which emit radiation [2003] 

(a) ofnearly the same frequency 

(b) of the same frequency 

(c) of different wavelengths 

(d) of the same frequency and having a definite phase 
relationship 

The image formed by an objective of a compound 

microscope 1s [2003] 

(a) virtual and diminished 

(b) real and diminished 

(c) realand enlarged 

(d) virtual and enlarged 

To get three images of a single object, one should have two 

plane mirrors at an angle of [2003] 

(a) 60° (b) 9% (c) 120° (d) 30° 

A light ray is incident perpendicularly to one face of a 90° 

prism and is totally internally reflected at the glass-air 

interface. Ifthe angle of reflection is 45°, we conclude that 

the refractive index n [2004] 


[2002] 


[2003] 


@ > 
(b) n>V2 
@ <5 


(d) n<¥2 
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12. 
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14. 


15. 


16. 


17. 


18. 
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A plano convex lens of refractive index 1.5 and radius of 
curvature 30 cm. Is silvered at the curved surface. Now this 
lens has been used to form the image of an object. At what 
distance from this lens an object be placed in order to have a 


real image of size of the object ]2004] 
(a) 60cm (b) 30cm 
(c) 20cm (d) 80cm 


The angle of incidence at which reflected light is totally 
polarized for reflection from air to glass (refractive index n), 
1S ]2004] 


(a) tan7!(1/n) (b) sin7!(1/n) 
(c) sin7!(n) (d) tan7!(n) 


The maximum number of possible interference maxima for 
slit-separation equal to twice the wavelength in Young’s 


double-slit experiment is ]2004] 
(a) three (b) five 
(c) infinite (d) zero 


An electromagnetic wave of frequency vy =3.0 MHz 


passes from vacuum into a dielectric medium with 
permittivity «= 4.9. Then ]2004] 
(a) wave length is halved and frequency remains 
unchanged 
(b) wave length is doubled and frequency becomes half 
(c) wave length is doubled and the frequency remains 
unchanged 
(d) wave length and frequency both remain unchanged. 
A fish looking up through the water sees the outside world 
contained in a circular horizon. If the refractive index of 


water is and the fish is 12 cm below the surface, the 


radius of this circle in cm is ]2005] 
36 
@ = ©) 36V7 (~) 4V5 365 


Two point white dots are 1 mm apart on a black paper. They 
are viewed by eye of pupil diameter 3 mm. Approximately, 
what is the maximum distance at which these dots can be 
resolved by the eye? [Take wavelength of light = 500 nm] 

(a) Im (b) 5m ]2005] 

(c) 3m (d) 6m 

A thin glass (refractive index 1.5) lens has optical power of 

—5 Din air. Its optical power in a liquid medium with refractive 

index 1.6 will be ]2005] 

(a) -1D (b) 1D (c) -25D (d) 25D 

A Young’s double slit experiment uses a monochromatic 

source. The shape of the interference fringes formed on a 

screen 1S ]2005] 

(a) circle 

(c) parabola 


(b) hyperbola 
(d) straight line 
If Jp is the intensity of the principal maximum in the single 


slit diffraction pattern, then what will be its intensity when 
the slit width is doubled? ]2005] 


fy 


(a) 41 (b) 21 (c) > (d) Lg 
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21. 


22. 


23. 


24. 


When an unpolarized light of intensity Jp is incident on a 
polarizing sheet, the intensity of the light which does not 


get transmitted is [2005] 
1 | 
(a) 4/0 (b) 5/0 (c) Ip (d) zero 


The refractive index ofa glass is 1.520 for red light and 1.525 
for blue light. Let D, and D, be angles of minimum deviation 
for red and blue light respectively in a prism of this glass. 
Then, [2006] 
(a) D,<D, 
(b) D,=D, 
(c) D, can be less than or greater than D, depending upon 
the angle of prism 
(d) D,>D, 
In a Young’s double slit experiment the intensity at a point 


where the path difference is (A being the wavelength of 


, . , , ae a 
light used) is J. If J, denotes the maximum intensity, 7 1S 


0 
equal to [2007] 
3 1 V3 1 
(a) ri (b) 7} (Cc) — (d) - 


Two lenses of power —15 D and +5 D are in contact with 
each other. The focal length of the combination is 
(a) +10cm (b) —20cm 

(c) —10cm (d) +20cm 

In an experiment, electrons are made to pass through a narrow 
slit of width ‘d’ comparable to their de Broglie wavelength. 
They are detected on a screen at a distance ‘D’ from the slit 
(see figure). 


[2007] 


Which of the following graphs can be expected to represent 
the number of electrons ‘N’ detected as a function of the 
detector position ‘y’(y = 0 corresponds to the middle of the 
slit) [2008] 


(c) N 


25. 


26. 


27. 


28. 


p-177 


A student measures the focal length of a convex lens by 
putting an object pin at a distance ‘u’ from the lens and 
measuring the distance ‘v’ of the image pin. The graph 
between ‘u’ and ‘v’ plotted by the student should look like 


12008] 
v(cm) 
(a) Lo 
O] —u(cm) 


v(cm) 


(b) 
(c) (d) 


O u(cm) u(cm) 


An experment is performed to find the refractive index of 

glass using a travelling microscope. In this experiment 

distances are measured by ]2008] 

(a) avernier scale provided on the microscope 

(b) astandard laboratory scale 

(c) ameter scale provided on the microscope 

(d) ascrew gauge provided on the microscope 

A mixture of light, consisting of wavelength 590 nm and an 

unknown wavelength, illuminates Young’s double slit and 

gives rise to two overlapping interference patterns on the 

screen. The central maximum of both lights coincide. Further, 

it is observed that the third bright fringe of known light 

coincides with the 4th bright fringe of the unknown light. 

From this data, the wavelength of the unknown light is: 
]2009] 

(a) 885.0nm (b) 442.5nm 

(c) 776.8nm (d) 393.4nm 

A transparent solid cylindrical rod has a refractive index of 


=, It is surrounded by air. A light ray is incident at the 


mid-point of one end of the rod as shown in the figure. 


The incident angle 9 for which the light ray grazes along the 
wall of the rod is : ]2009] 


@) sin"(V34) (b) sin” (=) 


_-1{ | 
(©) sin (=) @ 


29. 


In an optics experiment, with the position of the object fixed, 
a student varies the position of a convex lens and for each 
position, the screen is adjusted to get a clear image of the 
object. A graph between the object distance u and the image 
distance v, from the lens, is plotted using the same scale for 
the two axes. A straight line passing through the origin and 
making an angle of 45° with the x-axis meets the experimental 
curve at P. The coordinates of P will be : ]2009] 


(a) cz OUN © 464) @ CF2N 


DIRECTIONS : Questions number 30-32 are based on the 
following paragraph. 


An initially parallel cylindrical beam travels in a medium of 
refractive index ML (1) =U, + M1, where tL, and LL, are positive 
constants and I is the intensity of the light beam. The intensity of 
the beam is decreasing with increasing radius. 


30. 


31. 


32. 


33. 


34. 


As the beam enters the medium, it will [2010] 
(a) diverge 

(b) converge 

(c) diverge near the axis and converge near the periphery 
(d) travel as a cylindrical beam 

The initial shape of the wavefront of the beam is 
(a) convex 

(b) concave 

(c) convex near the axis and concave near the periphery 
(d) planar 

The speed of light in the medium is 


[2010] 


[2010] 
(a) minimum on the axis of the beam 

(b) the same everywhere in the beam 

(c) directly proportional to the intensity / 

(d) maximum on the axis of the beam 

Let the x-z plane be the boundary between two transparent 
media. Medium 1 in z> 0 hasa refractive index of V2 and 
medium 2 with z <0 has a refractive index of V3 .A ray of 
light in medium 1 given by the vector 4 = 6./3/ + 8V37 —10k 
is incident on the plane of separation. The angle of refraction 
in medium 2 is: [2011] 
(a) 45° (b) 60° (c) 75° (d) 30° 

This question has a paragraph followed by two statements, 
Statement — 1 and Statement — 2. Of the given four 
alternatives after the statements, choose the one that 
describes the statements. 

A thin air film is formed by putting the convex surface ofa 
plane-convex lens over a plane glass plate. With 
monochromatic light, this film gives an interference pattern 
due to light reflected from the top (convex) surface and the 
bottom (glass plate) surface of the film. [2011] 
Statement — 1: When light reflects from the air-glass plate 
interface, the reflected wave suffers a phase change of 7. 


Statement — 2 : The centre of the interference pattern is 
dark. 


35. 


36. 


37. 


38. 


39. 


eo. Topic-wise Solved Papers - PHYSICS 


(a) Statement— 1 1s true, Statement — 2 is true, Statement — 
2 is the correct explanation of Statement — 1. 
Statement-— 1 is true, Statement — 2 is true, Statement — 
2 is not the correct explanation of Statement — 1. 


(b) 


(c) Statement — 1 is false, Statement -— 2 is true. 


(d) 
A car 1s fitted with a convex side-view mirror of focal length 
20 cm. A second car 2.8 m behind the first car 1s overtaking 
the first car at a relative speed of 15 m/s. The speed of the 
image of the second car as seen 1n the mirror of the first one 
1s: ]2011] 


Statement — 1 is true, Statement — 2 is false. 


(a) —mis (b) 10m/s_ (c) 15m/s_ (d) _mis 


An electromagnetic wave in vacuum has the electric and 
magnetic field E and B , which are always perpendicular to 


each other. The direction of polarization is given by X and 


that of wave propagation by ¢ . Then [2012] 


(a) X || B and k || BxE 
(b) X || E and k || ExB 
(c) xX || Bandk || ExB 


(d) X || E andk || BxE 

In Young's double slit experiment, one of the slit is wider 
than other, so that amplitude of the light from one slit is 
double of that from other slit. IfT,, be the maximum intensity, 


the resultant intensity I when they interfere at phase 
difference is given by: ]2012] 


(b) “(1 + 2cos* 4 


(a) “1 (445054) , 


In 2 :) In 2 :) 

—|1+4 — —|1+8 — 
(c) . ( cos 7 (d) 5 cos - 
An object 2.4 m in front of a lens forms a sharp image on a 
film 12 cm behind the lens. A glass plate 1 cm thick, of 
refractive index 1.50 is interposed between lens and film 
with its plane faces parallel to film. At what distance (from 
lens) should object shifted to be in sharp focus of film? 

[2012[ 
(a) 7.2m (b) 2.4m 
(c) 3.2m (d) 5.6m 
Diameter of a plano-convex lens is 6 cm and thickness at 
the centre is 3 mm. If speed of light in material of lens is 
2x 10® m/s, the focal length of the lens is 
[JEE Main 2013] 

(a) 15cm (d) 10cm 


(b) 20cm (c) 30cm 
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41. 


42. 


43. 


Abeam of unpolarised light of intensity Ip is passed through 

a polaroidAand then through another polaroid B which is 

oriented so that its principal plane makes an angle of 45° 

relative to that of A. The intensity of the emergent light 1s 
]JEE Main 2013] 

(a) I (b) I)/2 

(c) 1,/4 (d) 1,/8 

Two coherent point sources S, and S, are separated by a 

small distance 'd' as shown. The fringes obtained on the 

screen will be ]JEE Main 2013] 


Screen 


(a) points (b) straight lines 
(c) semi-circles (d) concentric circles 
The graph between angle of deviation (5) and angle of 
incidence (1) for a triangular prism is represented by 
JJEE Main 2013| 


3 
A thin convex lens made from crown glass C = 3) has focal 


length f. When it is measured in two different liquids having 


4 5 
refractive indices = and =, it has the focal lengths f, and f, 


3 3” 
respectively. The correct relation between the focal lengths 
1S: JJEE Main 2014] 
(a) f,={,<f 


(b) f, > fand f, becomes negative 
(c) f, >fand f, becomes negative 
(d) f, and f, both become negative 


44, 


45. 


48. 


p-179 


A green light is incident from the water to the air - water 
interface at the critical angle (9). Select the correct statement. 
]JEE Main 2014] 
(a) The entire spectrum of visible light will come out of the 
water at an angle of 90° to the normal. 
The spectrum of visible light whose frequency is less 
than that of green light will come out to the air medium. 
(c) The spectrum of visible light whose frequency is more 
than that of green light will come out to the air medium. 
The entire spectrum of visible light will come out of the 
water at various angles to the normal. 
Two beams, A and B, of plane polarized light with mutually 
perpendicular planes of polarization are seen through a 
polaroid. From the position when the beam A has maximum 
intensity (and beam B has zero intensity), a rotation of polaroid 


(b) 


(d) 


through 30° makes the two beams appear equally bright. If 
the initial intensities of the two beams are I, and Ip 


] 
respectively, then is. equals: |JEE Main 2014] 
(a) 3 (b) = 
. 2 
l d 2 
(0) () 5 
. Assuming human pupil to have a radius of 0.25 cm and a 


comfortable viewing distance of 25 cm, the minimum 
separation between two objects that human eye can resolve 


at 500 nm wavelength is: [JEE Main 2015] 
(a) 100pm (b) 300pm 
(c) lym (d) 30pm 

. Ona hot summer night, the refractive index of air 1s smallest 


near the ground and increases with height from the ground. 
When a light beam is directed horizontally, the Huygens' 
principle leads us to conclude that as it travels, the light 
beam : |JEE Main 2015] 
(a) bends downwards 

(b) bends upwards 

(c) becomes narrower 

(d) goes horizontally without any deflection 
Monochromatic light is incident on a glass prism of angle A. 
If the refractive index of the material of the prism Is yp, a ray, 
incident at an angle 9, on the face AB would get transmitted 
through the face AC of the prism provided: |JEE Main 2015] 


P-180 


49. 


(a) 0>cos! if As l (+) 
- 

(b) 0<cos! sf sia ( | I } 
=) 

(c) o> in| si A sin “(4 
Ul 


Dyin) When : 


(d) O<sin! c inl ~sin”! (+) 


The box of a pin hole camera, of length L, has a hole of 
radius a. It is assumed that when the hole is illuminated by 
a parallel beam of light of wavelength 2 the spread of the 
spot (obtained on the opposite wall of the camera) is the 
sum of its geometrical spread and the spread due to 
diffraction. The spot would then have its minimum size (say 


]JEE Main 2016] 


50. 
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(a) a=\VALandb,., =V4AL 
V410.L 


i a 
TL and Dae = ae 


2 
(b) a= ~ and Din = 


(c) #* 


a= landb,., = 2A" 
(d) min L 


An observer looks at a distant tree of height 10 m with a 
telescope of magnifying power of 20. To the observer the 
tree appears : ]JEE Main 2016] 
(a) 20times taller (b) 20 times nearer 
(c) 10times taller (d) 10 times nearer 
In an experiment for determination of refractive index of glass 
ofa prism byi— 46, plot it was found thata ray incident at 
angle 35°, suffers a deviation of 40° and that it emerges at 
angle 79°. In that case which of the following is closest to 
the maximum possible value of the refractive index? 

]JEE Main 2016] 
(a) 1.7 
(c) 1.5 


(b) 18 
(d) 16 
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A Fill inthe Blanks 11. 


10. 


17 


To produce characteristic X-rays using a Tungsten target 
in an X-ray generator, the accelerating voltage should be 
greater than volts and the energy of the 
characteristic radiation is eV. 
(The binding energy of the innermost electron in Tungsten 
is 40 keV). (1983 - 2 Marks) 
The radioactive decay rate ofa radioactive element 1s found 
to be 10° disintegration/second at a certain time. If the half 
life of the element is one second , the decay rate after one 
second 1s and after three seconds is 
(1983 - 2 Marks) 
The maximum kinetic energy of electrons emitted in the 
photoelectric effect is linearly dependent on the ...... of the 
incident radiation. (1984- 2 Marks) 


bonus ; _—s . 238 
In the Uranium radioactive series the initial nucleus 1s 99 U 


and the final nucleus 1s Pb . When the Uranium nucleus 


decays to lead, the number of a-particles emitted is ......and 
the number of B-particles emitted is ..... (1985 - 2 Marks) 
When the number of electrons striking the anode of an 
X-ray tube is increased, the ........ of the emitted X-rays 
increases, while when the speeds of the electrons striking 
the anode are increased, the cut-off wavelength of the 
emitted X-rays......... (1986 - 2 Marks) 


When Boron nucleus (3) is bombarded by neutrons, 


a -particles are emitted. The resulting nucleus is of the 
element........ and has the mass number ......(1986 - 2 Marks) 
Atoms having the same............ but different ........... are called 
isotopes. (1986 - 2 Marks) 
The binding energies per nucleon for deuteron (,H?) and 
helium (,He*) are 1.1 MeV and 7.0 MeV respectively. The 
energy released when two deuterons fuse to form a helium 
nucleus (,He‘) is .......... (1988 - 2 Marks) 
In the forward bias arrangement of a p-n junction rectifier, 
the p end is connected to the ........ terminal of the battery 
and the direction of the current is from ............ [Oesee eerste in 
the rectifier. (1988 - 2 Marks) 
eetooeuace biasing of p-n junction offers high resistance to 
current flow across the junction. The biasing is obtained by 
connecting the p- side to the .......... terminal of the battery. 
(1990 - 2 Marks) 


12. 


15, 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The wavelength of the characteristic X-ray K, line emitted 
bya hydrogen like element is 0.32 A. The wavelength of the 


Kg line emitted by the same element will be ............ 


(1990 - 2 Marks) 
The Bohr radius of the fifth electron of phosphorous atom 
(atomic number = 15) acting as a dopant in silicon (relative 
dielectric constant = 12) is... A (1991 - 1 Mark) 
For the given circuit shown in fig. to act as full wave rectifier, 
the a.c. input should be connected across .................... and 
beeen nannaien and the d.c. output would appear across 


eoeeecseettoceseee: 11 (6 revere (1991 - I Mark) 
B A 
C D 


In an X-ray tube, electrons accelerated through a potential 
difference of 15, 000 volts strike a copper target. The speed 
of the emitted X-ray inside the tube ts ................... m/s 
(1992 - I Mark) 
In the Bohr model of the hydrogen atom, the ratio of the 
kinetic energy to the total energy of the electron in a quantum 
State 11S 0... (1992 - I Mark) 


pO ee ep 
stands for ............. (1992 - I Mark) 
Ina..... biased p-n junction, the net flow ofholes is from the 
n region to the p region. (1993 - I Mark) 
A potential difference of 20 kV is applied across an X-ray 
tube. The minimum wavelength of X-rays generated 
1S....eseeee A. (1996 - 2 Marks) 
The wavelength of K, X-rays produced by an X-ray tube is 
0. 76A. The atomic number of the anode material of the tube 
(1996 - 2 Marks) 


In the nuclear process, 


Consider the following reaction : 


; H+4 H=5 He+Q 
Mass of the deuterium atom = 2.0141 u 
Mass of helium atom = 4.0024 u 


This is a nuclear ............. reaction in which the energy Q 
released Is ............. MeV. (1996 - 2 Marks) 


True/False 


The kinetic energy of photoelectrons emitted by a 
photosensitive surface depends on the intensity of the 
incident radiation. (1981- 2 Marks) 
In a photoelectric emission process the maximum energy of 
the photo-electrons increases with increasing intensity of 
the incident light. (1986 - 3 Marks) 
For a diode the variation of its anode current J, with the 
anode voltage V,, at two different cathode temperatures 7, 
and 7, is shown in the figure. The temperature 7, is greater 
than 7,. ’ (1986 - 3 Marks) 


2 


T, 


V,—— 
The order of magnitude of the density of nuclear matter 1s 
10*kg m7”. (1989 - 2 Marks) 


MCQs with One Correct Answer 


The plate resistance of a triode is 3 x 10° ohms and its 
mutual conductance is 1.5 x 10-3 amp/volt. The amplification 
factor of the triode is (1981-2 - 3 Marks) 
(a) 5x10° (b) 4.5 (c) 45 (d)2 x 10° 

The halflife of radioactive Radon 1s 3.8 days. The time at the 


d of hid ae 
end of which >) 


undecayed is (given logge = 0.4343 ) (1981-2 Marks) 
(a) 3.8 days (b) 16.5 days 
(c) 33 days (d) 76 days. 
Analpha particle of energy 5 MeV is scattered through 180° 
by a fixed uranium nucleus. The distance of closest approach 
is of the order of (1981- 2 Marks) 
(a) 1A (b) 107% cm 
(c) 107!2cm (d) 107 cm 
Beta rays emitted by a radioactive material are 

(1983 - I Mark) 


of the radon sample will remain 


(a) electromagnetic radiations 

(b) the electrons orbiting around the nucleus 

(c) charged particles emitted by the nucleus 

(d) neutral particles 

If elements with principal quantum number n > 4 were not 


allowed in nature, the number of possible elements would 
be (1983 - 1 Mark) 
(a) 6 (b) 32 (c) 4 (d) 4 


Consider the spectral line resulting from the transition 
n=2—nz=1 1n the atoms and ions given below. The 
shortest wavelength 1s produced by (1983 - 1 Mark) 
(a) Hydrogen atom (b) Deuterrum atom 

(c) Singlyionized Helium (d) Doubly ionised Lithium 


q 
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The equation 


4{H* —> jHe7* +2e7 + 26MeV represents 
(1983 - 1 Mark) 


(a) PB -decay (b) y-decay 
(c) fusion (d) fission 
Fast neutrons can easily be slowed down by 
(1994 - I Mark) 
(a) the use of lead shielding 
(b) passing them through water 
(c) elastic collisions with heavy nuclei 
(d) applying a strong electric field. 
Consider a particles, B particles and y - rays, each having an 
energy of 0.5 MeV. In increasing order of penetrating powers, 
the radiations are: (1994 - I Mark) 


(a) a,B,y (b) o,y,B (©) By.a (d)y,B,a 


An energy of 24.6 eV is required to remove one of the 
electrons from a neutral heltum atom. The energy in (eV) 
required to remove both the electrons from a neutral helrum 
atom 1s (1995S) 
(a) 38.2 (b) 49.2 (c) 51.8 (d) 79.0 
A radioactive material decays by simultaneous emission of 
two particles with respective half-lives 1620 and 810 years. 
The time, in years, after which one-fourth of the material 
remains 1s (1995S) 
(a) 1080 (b) 2430 = (c)_: 3240 (d) 4860 
The probability of electrons to be found in the conduction 
band ofan intrinsic semiconductor at a finite temperature 
(1995S) 
(a) increases exponentially with increasing band gap 
(b) decreases exponentially with increasing band gap 
(c) decreases with increasing temperature 
(d) is independent of the temperature and the band gap 
A full-wave rectifier circuit along with the out-put 1s shown 
in Figure. The contribution (s) from the diode 1 1s (are) 
(1996 - 2 Marks) 


out-put 
V 
yaYsy cp 
t 
(a) C (b)AC (c) BD (d) A,B,C, D. 


As per Bohr model, the minimum energy (in eV) required to 
remove an electron from the ground state of doubly ionized 
Li atom (Z=3) is (1997 - I Mark) 
(a) 1.51 (b) 13.6 (c) 40.8 (d) 1224 
The circuit shown in the figure contains two diodes each 
with a forward resistance of 50 ohms and with infinite 
backward resistance. If the battery voltage is 6V, the current 
through the 100 ohm resistance (in amperes) 1s 

(1997 - I Mark) 
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16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


(a) zero (b) 0.02 (c) 0.03 (d) 0.036. 

Which of the following statements is not true? (1997 - 1 Mark) 

(a) The resistance of intrinsic semiconductors decrease 

with increase of temperature 
(b) Doping pure Si with trivalent impurities give p-type 
semiconductors 

(c) The majority carriers in n-type semiconductors are holes 

(d) A p-n junction can act as a semiconductor diode 

The maximum kinetic energy of photoelectrons emitted from 

a surface when photons of energy 6 eV fall on it is 4 eV. The 

stopping potential, in volt, 1s (1997 - I Mark) 

(a) 2 (b) 4 (c) 6 (d) 10 

In hydrogen spectrum the wavelength of H, line is 636 nm, 

whereas in the spectrum ofa distant galaxy, H, line 

wavelength is 706 nm. Estimated speed of the galaxy with 

respect to earth 1s, (1999S - 2 Marks) 

(a) 2x 108 m/s (b) 2x10’m/s 

(c) 2x 10°m/s (d) 2x 10°m/s 

A particle of mass M at rest decays into two particles of 

masses m, and m.,, having non-zero velocities. The ratio of 

the de Broglie wavelengths of the particles, 2,/A., is 
(19998 2 Marks) 


(b) mm, ()10 A) fimy / fm 
Which of the following 1s a correct statement? 

(1999S - 2 Marks) 
(a) Beta rays are same as cathode rays 
(b) Gammarays are high energy neutrons 
(c) Alpha particles are singly ionised helium atoms 
(d) Protons and neutrons have exactly the same mass 
Order of magnitude of density of uranium nucleus 1s, [m_= 
1.67 x 10-27kg] (1999S - 2 Marks) 
(a) 10?°kg/m3 (b) 10!7kg/m3 
(c) 10!4kg/m3 (d) 10!!kg/m3 
22Ne nucleus, after absorbing energy, decays into two a- 
particles and an unknown nucleus. The unknown nucleus 
1S (1999S - 2 Marks) 
(a) nitrogen (b) carbon (c) boron (d) oxygen 
Binding energy per nucleon vs mass number curve for nuclei 
is shown in the Figure. W_X, Yand Zare four nuclei indicated 
on the curve. The process that would release energy is 
(19998 - 2 Marks) 


(a) m,/m, 


Binding Energy/nucleon in Mev 


0 30 60 90 120 
Mass number of nuclei 


24. 


23; 


26. 


27. 


28. 


29. 


30. 


(a) Y52Z (b) WO X4+Z 

(Cc) W—+>2Y (dd) X5Y+Z 

Imagine an atom made up of a proton and a hypothetical 

particle of double the mass of the electron but having the 

same charge as the electron. Apply the Bohr atom model 

and consider all possible transitions of this hypothetical 

particle to the first excited level. The longest wavelength 

photon that will be emitted has wavelength 2, (given in 

terms of the Rydberg constant R for the hydrogen atom) 

equal to (2000S) 

(a) 9/(5R) (b) 36(5R) (c)18(5R) (d) 4/R 

The electron in a hydrogen atom makes a transition from an 

excited state to the ground state. Which of the following 

statements is true ? (2000S) 

(a) Its kinetic energy increases and its potential and total 
energies decreases. 

(b) Its kinetic energy decreases, potential energy increases 
and its total energy remains the same. 

(c) Itskineticand total energies decrease and its potential 
energy increases. 

(d) Its kinetic, potential and total energies decrease. 

Two radioactive materials X, and_X, have decay constants 

10% and } respectively. If initially they have the same 

number of nuclei, then the ratio of the number of nuclei of 


X, to that of X, will be 1/e after a time (2000S) 
es Xt wots gn fb 
@) Ton Om On Oy 


Electrons with energy 80 keV are incident on the tungsten 

target of an X-ray tube. K-shell electrons of tungsten have 

72.5 keV energy. X-rays emitted by the tube contain only 

(a) acontinuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of 0.155A (2000S) 

(b) a continuous X-ray spectrum (Bremsstrahlung) with 
all wavelengths 

(c) the characteristic X-ray spectrum of tungsten 

(d) acontinuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of 0.155A and the characteristic 
X-ray spectrum of tungsten. 

The electron emitted in beta radiation originates from 

(a) inner orbits of atoms (2001S) 

(b) free electrons existing in nuclei 

(c) decay ofa neutron in a nucleus 

(d) photon escaping from the nucleus 

The transition from the state n = 4 ton = 3 ina hydrogen-like 

atom results in ultraviolet radiation. Infrared radiation will 

be obtained in the transition (2001S) 

(a) 251 (b)352 (c)4->2 (d) 534 

The intensity of X-rays from a Coolidge tube is plotted 

against wavelength A as shown in the figure. The minimum 

wavelength found is (and the wavelength of the K, line is 

Ax. As the accelerating voltage is increased (2001S) 


(a) Ay-Acincreases ! 
(b) Ax-Acdecreases 
(c) A, increases 


(d) A, decreases a "1 


3i. 


32. 


oS: 


34. 


35. 


36. 


37. 


A radioactive sample consists of two distinct species having 
equal number of atoms initially. The mean life time of one 
species is t and that of the other is 5t. The decay products 
in both cases are stable. A plot is made of the total number 
of radioactive nuclei as a function of time. Which of the 
following figures best represent the form of this plot? 
(2001S) 


N N 
(a) * (b) 
. t : t 
N N 
(Cc) ; (d) hie 
t : t 
The potential difference applied to an X-ray tube is 5k V and 


the current through it 1s 3.2mA. Then the number of electrons 
striking the target per second 1s (2002S) 


(a) 2x10'° (b) 5x10° (©) 1x10!’ (dd 4x10" 
A Hydrogen atom and a Li™ ion are both in the second 
excited state. If 2,, and ¢,, are their respective electronic 


angular momenta, and E,, and E, ; their respective energies, 
then (2002S) 


(a) Cy >); and|Ay|>|Z, | (b) ¢4=¢,; and|Eyl<|-, | 
(c) Cy =,; and|Ayl>|E,I@ !y <1; and lEyl<|A;/ 
The half-life of 2!5At is 100 ps. The time taken for the 
radioactivity of a sample of 2!>At to decay to 1/16" of its 
initial value is (2002S) 
(a) 400Hs (b) 63uUs (cc) 40Us (d)300 Us 


Which of the following processes represents a Y -decay ? 


A 
(a2) 4Y 4y— > Xy7_+at+b (2002S) 


A-3 
(b) 4Y.4'7— > Koo He 
A 

(Cc) 4y —_-» X,+f 


A 
(dd) 4¥ +e,;,——> Xz71+8 
The electric potential between a proton and an electron is 


, r , 
given by V= V, In — , where rg is a constant. Assuming 
r0 


Bohr’s model to be applicable, write variation ofr, with n, n 


being the principal quantum number? (2003S) 
(a) r, on (b) r, a l/n 
(c) r, « n (d) r, « 1/n2 


Ifthe atom , 9/m7>’ follows the Bohr model and the radius 
of ;99/m?>" isn times the Bohr radius, then find n. (2003S) 
(a) 100 (b) 200 (c) 4 (d) 1/4 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Topic-wise Solved Papers - PHYSICS 


For uranium nucleus how does its mass vary with volume? 
(2003S) 
(a) MaV (b) ma l/V 


(Cc) ma Jy (dd) m«V 
A nucleus with mass number 220 initially at rest emits an o - 
particle. If the Q value of the reaction is 5.5 MeV, calculate 


the kinetic energy ofthe « -particle (2003S) 
(a) 44MeV (b) 5.4MeV 
(c) 5.6MeV (d) 6.5 MeV 


In a photoelectric experiment anode potential is plotted 
against plate current. (2004S) 


(a) A and B will have different intensities while B and C 
will have different frequencies 

(b) Band C will have different intensities while A and C 
will have different frequencies 

(c) A and B will have different intensities while A and C 
will have equal frequencies 

(d) Band Cwill have equal intensities while A and B will 
have same frequencies 

A 280 days old radioactive substance shows an activity of 

6000 dps, 140 days later its activity becomes 3000 dps. 

What was its initial activity? (2004S) 

(a) 20000 dps (b) 24000 dps 

(d) 12000 dps (d) 6000 dps 

A proton has kinetic energy £ = 100 keV which is equal to 

that of a photon. The wavelength of photon is 1, and that 

of proton is A,. The ration of A.,/A, is proportional to 

(a) E (b) F}/2 (2004S) 

(c) E-! (d) E-12 

K, wavelength emitted by an atom ofatomic number Z= 11 

is A. Find the atomic number for an atom that emits K, 

radiation with wavelength 41. (2005S) 

(a) Z=6 (b) Z=4 (c) Z=11 (d) Z=44 

A photon collides with a stationary hydrogen atom in ground 

state inelastically. Energy of the colliding photon is 10.2 eV. 

After a time interval of the order of micro second another 

photon collides with same hydrogen atom inelastically with 

an energy of 15 eV. What will be observed by the detector? 

(2005S) 

(a) One photon of energy 10.2 eV and an electron of 
energy 1.4 eV 

(b) 2 photon of energy of 1.4 eV 

(c) 2 photon of energy 10.2 eV 

(d) One photon of energy 10.2 eV and another photon of 
14eV 
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46. 


47. 


48. 


49. 


50. 


J1. 


A beam of electron is used in an YDSE experiment. The slit 
width is d. When the velocity of electron is increased, then 
(a) no interference 1s observed (2005S) 
(b) fringe width increases 

(c) fringe width decreases 

(d) fringe width remains same 

Ifa star can convert all the He nuclei completely into oxygen 
nuclei, the energy released per oxygen nuclei is [Mass of 
He nucleus is 4.0026 amu and mass of Oxygen nucleus is 
15.9994 amu] (2005S) 
(a) 7.6MeV 
(c) 10.24MeV 


(b) 56.12 MeV 
(d) 23.9MeV 


“37 Ra is a radioactive substance having half life of 4 days. 


Find the probability that a nucleus undergoes decay after 


two half lives (2006 - 3M, -I) 
1 3 » 1 
(a) 6) > ©% @ 3 


In the options given below, let £ denote the rest mass energy 
of a nucleus and 7 a neutron.The correct option 1s 


(2007) 
E(u] (1277 e(3y) oe 
EBL gy J) > Fl gg El agt J +2) 
(b) E(u] < (i 7) +e(3°7) + 2E(n) 
92 53 39 
(236 \ (4 
(c) E U|<E Ba|+E| Kr|+2E(n) 
92 56 36 


o 

(d) E U|=E Ba\+E| _ Kr|+2E(n) 

92 56 36 

The largest wavelength in the ultraviolet region of the 
hydrogen spectrum is 122 nm. The smallest wavelength in 
the infrared region of the hydrogen spectrum (to the nearest 
integer) 1s 

(a) 802nm (b) 823nm 
(c) 1882nm (d) 1648nm 
Electrons with de-Broglie wavelength A fall on the target in 
an X-ray tube. The cut-off wavelength of the emitted X- 


(2007) 


rays 1s (2007) 
2mcr? 2h 
(a) Ag= (b) Ag =— 
h mc 
9) Zuo 3 
(c) bo (d) Ay=A 


Which one of the following statements is WRONG in the 

context of X-rays generated from a X-raytube? (2008) 

(a) Wavelength of characteristic X-rays decreases when 
the atomic number of the target increases. 

(b) Cut-off wavelength of the continuous X-rays depends 
on the atomic number of the target 

(c) Intensity of the characteristic X-rays depends on the 
electrical power given to the X-ray tube 

(d) Cut-off wavelength of the continuous X-rays depends 
on the energy of the electrons in the X-ray tube 


P-185 


52. A radioactive sample S, having an activity 5 Ci has twice 
the number of nuclei as another sample S, which has an 
activity of 10 wCi. The halflives of S, and S, can be 
(a) 20 years and 5 years, respectively 
(b) 20 years and 10 years, respectively 
(c) 10 years each 
(d) 5 years each 

53. Photoelectric effect experiments are performed using three 
different metal plates p, q and r having work functions e, = 
2.0eV, ¢,=2.5 eV and ¢ = 3.0 eV, respectively. A light beam 
containing wavelengths of 550 nm, 450 nm and 350 nm with 
equal intensities illuminates each of the plates. The correct 
I-V graph for the experiment is [Take hc = 1240 eV nm| 

(2009) 


(2008) 


= 
< 


(0) 1 @ y) 


Vv V 

54. The waveiength of the first spectral line in the Balmer series 

of hydrogen atom is 6561 A°. The wavelength of the second 
spectral line in the Balmer series of singly-ionized helium 
atom 1s (2011) 
(a)1215A° = (b) 1640A° (c)2430A° (d) 4687A° 

55. A pulse of light of duration 100 ns is absorbed completely 
by a small object initially at rest. Power of the pulse is 30 mW 
and the speed of light is 3x 10° ms“!. The final momentum of 
the object is (JEE Ady. 2013) 
(a) 0.3 107’ kg ms"! (c) 3.0x 10°’ kg ms! 

(b) 1.0 10°’ kg ms"! (d) 9.0x 107!” kg ms“! 

56. IfA,,, is the wavelength of K, X-ray line of copper (atomic 
number 29) and A,,,, is the wavelength of the K,, X-ray line 
of molybdenum (atomic number 42), then the ratio A,,/Ayj, 
is close to (JEE Adv. 2014) 

(a) 1.99 (b) 2.14 (c) 0.50 (d) 0.48 

57. A metal surface is illuminated by light of two different 
wavelengths 248 nm and 310 nm. The maximum speeds of 
the photoelectrons corresponding to these wavelengths are 
u, and wu, respectively. Ifthe ratio u, :u,=2: 1 andhce= 
1240 eV nm, the work function of the metal is nearly 

(JEE Adv. 2014) 
(a) 3.7eV (b) 3.2eV_ (c) 2.8eV (d) 2.5eV 
58. Ina historical experiment to determine Planck's constant, a 
metal surface was irradiated with light of different 
wavelengths. The emitted photoelectron energies were 
measured by applying a stopping potential. The relevant 
data for the wavelength (A) of incident light and the 
corresponding stopping potential (V,) are given below : 


(um) V, (Volt) 
03 2.0 
04 10 
0.5 04 


59. 


60. 


Given that c=3 x 108ms~! and e= 1.6 x 107!9 C, Planck's 
constant (in units of J s) found from such an experiment 1s 
(JEE Ady. 2016) 
(a) 6.0x 10-34 (b) 6.4x 1034 
(c) 6.6 10-34 (d) 6.8x 10-4 
The electrostatic energy of Z protons uniformly distributed 
throughout a spherical nucleus of radius R is given by 


5 - 3 2(Z-Ne" 
5 Ane R 


The measured masses of the neutron 1H, LN and - O are 
1.008665 u, 1.007825 u, 15.000109 u and 15.003065 u, 


respectively. Given that the radii of both the *> N and PO 
nuclei are same, 1 u=931.5 Me V/c? (cis the speed of light) 
and e7/(4 mé,) = 1.44 MeV fm. Assuming that the difference 
between the binding energies of 5 N and }°O is purely due 


to the electrostatic energy, the radius of either of the nuclei 
1S 


(1 fm = 10-5 m) (JEE Ady. 2016) 
(a) 2.85 fm (b) 3.03fm 
(c) 342fm (d) 3.80fm 


An accident in a nuclear laboratory resulted in deposition 
of a certain amount of radioactive material of half-life 18 
days inside the laboratory. Tests revealed that the radiation 
was 64 times more than the permissible level required for 
safe operation of the laboratory. What is the mintmum number 
of days after which the laboratory can be considered safe 


for use? (JEE Adv. 2016) 
(a) & (b) 90 
(c) 108 (d) 120 


ipa MCQs with One or More than One Correct 


The shortest wavelength of X-rays emitted from an X-ray 
tube depends on (1982 - 3 Marks) 
(a) the current in the tube 

(b) the voltage applied to the tube 

(c) the nature of the gas in tube 

(d) the atomic number of the target material 

The threshold wavelength for photoelectric emission from 
a material is 5200 A. Photoelectrons will be emitted when 
this material is illuminated with monochromatic radiation 
froma (1982 - 3 Marks) 
(a) SOwattinfraredlamp (b)_ 1-watt infra-red lamp 
(c) 50 watt ultravioletlamp (d)  1-watt ultraviolet lamp 
From the following equations pick out the possible nuclear 
fusion reactions (1984- 2 Marks) 


a) .C4+,H! > ,c!4+4.3MeV 
(b) Oh + iH! > WNP + 2MeV 
(c) 7N!*44+,H! 5,0 +7.3MeV 


# on’ +7 +200MeV 


4. 


10. 


eo _.__ Topic-wise Solved Papers - PHYSICS 


In Bohr’s model of the hydrogen atom (1984-2 Marks) 

(a) the radius of the nth orbit is proportional to n’ 

(b) the total energy of the electron in nth orbit is inversely 
proportional to n 

(c) the angular momentum of the electron in an orbit is an 


h 
integral multiple of — 
2n 


(d) the magnitude of potential energy of the electron in 
any orbit is greater than its K.E. 

Select the correct statement from the following 

(1984- 2 Marks) 

(a) A diode can be used as a rectifier 

(b) A triode cannot be used as a rectifier 

(c) The current in a diode is always proportional to the 
applied voltage 

(d) The linear portion of the I—V characteristic ofa triode 
is used for amplification without distortion 

For a given plate voltage, the plate current in a triode valve 

is maximum when the potential of (1985 - 2 Marks) 

(a) the grid is positive and plate is negative 

(b) the grid is zero and plate is positive 

(c) the grid is negative and plate is positive 

(d) the grid is positive and plate is positive 

The X-ray beam coming from an X-ray tube will be 

(1985 - 2 Marks) 

(a) monochromatic 

(b) having all wavelengths smaller than a certain maximum 
wavelength 

(c) having all wavelengths larger than a certain minimum 
wavelength 

(d) having all wavelengths lying between a minimum and 
a maximum wavelength 

The mass number of a nucleus is 

(a) always less than its atomic number 

(b) always more than its atomic number 

(c) sometimes equal to its atomic number 

(d) sometimes more than and sometimes equal to its atomic 
number 

Four physical quantities are listed in Column I. Their values 

are listed in Column II in a random order: (1987 - 2 Marks) 


(1986 - 2 Marks) 


Column I Column II 
(a) Thermal energy of air 

molecules at room temp (e) 0.02 eV 
(b) Binding energy of heavy 

nuclei per nucleon (f) 2eV 
(c) X-ray photon energy (g) keV 


(d) Photon energy of visible light (h) 7 MeV 

The correct matching of Columns I and II is given by 

(a) a-e,b-h,c-g,d-f 

(b) a-e,b-g,c-fd—-h 

(c) a-f, b-e,c—g,d-h 

(d) a-f b-h,c-e, d-g. 

Photoelectric effect supports quantum nature of light 

because (1987 - 2 Marks) 

(a) there isa minimum frequency of light below which no 
photoelectrons are emitted 

(b) the maximum kinetic energy of photo electrons depends 
only on the frequency of light and not on its intensity 

(c) even when the metal surface is faintly illuminated, the 
photoelectrons leave the surface immediately 

(d) electric charge of the photoelectrons is quantized 
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13. 


14. 


15. 


16. 


V7. 


18. 


During a negative beta decay (1987 - 2 Marks) 

(a) anatomic electron is ejected 

(b) anelectron which is already present within the nucleus 
is ejected 

(c) aneutron in the nucleus decays emitting an electron 

(d) apart ofthe binding energy of the nucleus is converted 
into an electron 

During a nuclear fusion reaction (1987 - 2 Marks) 

(a) aheavy nucleus breaks into two fragments by itself 

(b) alight nucleus bombarded by thermal neutrons breaks 
up 

(c) a heavy nucleus bombarded by thermal neutrons 
breaks up 

(d) two light nuclei combine to give a heavier nucleus and 
possibly other products 

The potential difference applied to an X-ray tube is 

increased. As a result, in the emitted radiation 

(a) the intensity increases (1988 - 2 Marks) 

(b) theminimum wavelength increases 

(c) the intensity remain unchanged 

(d) theminimum wavelength decreases 

A freshly prepared radioactive source of halflife 2 hr emits 

radiation of intensity which is 64 times the permissibe safe 

level. The minimum time after which it would be possible to 


work safely with this source 1s (1988 - 2 Marks) 
(a) 6hr (b) 12hr 
(c) 24hr (d) 128hr 


The impurity atoms with which pure silicon should be doped 
to make a p-type semiconductor are those of (1988 - 2 Marks) 
(a) phosphorus (b) boron 

(c) antimony (d) aluminium 

Two identical p-n junctions may be connected in series with 
a battery in three ways, fig. The potential drops across the 
two p—7n junctions are equal in (1989 - 2 Marks) 


Circuit 3 


(b) circuit 2 and circuit 3 
(d) circuit 1 only 


(a) circuit 1 and circuit 2 
(c) circuit 3 and circuit 1 
The decay constant ofa radioactive sample is 1 . The half- 


life and mean-life of the sample are respectively given by 
(1989 - 2 Marks) 

(a) 1/A and (dn 2)/2r (b) (dn 2)/x and 1/7, 

(c) 4 (n2)and1/A (d) AAin2)and 1/7 

When a monochromatic point source of light 1s at a distance 

of 0.2 m from a photoelectric cell, the cut off voltage and the 

saturation current are respectively 0.6 V and 18.0 mA. Ifthe 


same source is placed 0.6 m away from the photoelectric 
cell, then (1992 - 2 Marks) 


19. 


20. 


21. 


22. 


23. 


24. 


(a) the stopping potential will be 0.2 volt 
(b) the stopping potential will be 0.6 volt 
(c) the saturation current will be 6.0 mA 
(d) the saturation current will be 2.0 mA 
In an n-p-n transistor circuit, the collector current is 10 mA. 
If 90% of the electrons emitted reach the collector, 

(1992 - 2 Marks) 
(a) the emitter current will be 9mA 
(b) the base current will be 1 mA 
(c) the emitter current will be 11 mA 
(d) the base current will be—1 mA 
A star initially has 10*° deuterons. It produces energy via 
the 1H? +1 H? >| H? + DP, 


processes and 


one + H? >» He’ +n. If the average power radiated by 


the star is 10!° W, the deuteron supply of the star is exhausted 
in a time of the order of (1993-2 Marks) 
(b) 108s. 


(a) 10°s. 
(c) 10/45. (d) j0!6s. 
The masses of the nuclei are as follows : 


M(H’) =2.014amu; 


M(p)=1.007 amu; M(n) = 1.008 amu; M (He*) = 4.001amu. 

When photons of energy 4.25 eV strike the surface of metal 
A, the ejected photoelectrons have maximum kinetic energy, 
T, eV and de Broglie wavelength 2 ,. The maximum kinetic 
energy of photoelectrons liberated from another metal B by 


photons of energy 4.70 eV is Tp = (T, —1.50) eV. If the de 
Broglie wavelength of these photoelectrons is 
Np = 2A 4, then (1994 - 2 Marks) 


(a) The work function of A 1s 2.25 eV 

(b) The work function of B is 4.20 eV 

(c) T,=2.00eV 

(d) 7T,=2.75eV 

Which of the following statement(s) is (are) correct? 

(1994 - 2 Marks) 

(a) The rest mass of a stable nucleus is less than the sum 
of the rest masses of its separated nucleons 

(b) The rest mass of a stable nucleus is greater than the 
sum of the rest masses of its separated nucleons 

(c) In nuclear fission, energy is released by fusing two 
nuclei of medium mass (approximately 100 amu) 

(d) Innuclear fission, energy is released by fragmentation 
of a very heavy nucleus 

Holes are charge carriers in (1996 - 2 Marks) 

(a) intrinsic semiconductors(b) ionic solids 

(c) p-type semiconductors (d) metals 

A transistor is used in the common emitter mode as an 

amplifier. Then (1998S - 2 Marks) 

(a) the base-emitter junction 1s forward-biased 

(b) the base-emitter junction is reverse-biased 

(c) the input signal is connected in series with the voltage 
applied to bias the base-emitter junction 

(d) the input signal is connected in series with the voltage 
applied to bias the base-collector junction 


Zs 


26. 


Zi. 


28. 


29. 


30. 


31. 


Let m, be the mass of a proton, mM the mass of a neutron, 

M, the mass of a 2) Ne nucleus and M, the mass ofa 
(1998S - 2 Marks) 

(b) My >2M, 

(d) M, <10(m,, +m,) 


36 Ca nucleus. Then 
(a) M, = 2M, 
(c) M I< 2M 1 


The electron in a hydrogen atom makes a transition 1, > n> 

where n, and n, are the principal quantum numbers of the 

two states. Assume the Bohr model to be valid. The time 

period of the electron in the initial state 1s eight times that in 

the final state. The possible values of n, and n, are 

(1998S - 2 Marks) 

(a) nm =4,n, =2 (b) n, =8, 1m =2 

(c) n, =8,n =1 (d) n =6, nm =3 

The half-life of !?'I is 8 days. Given a sample of '?'I at time 

t = 0, we can assert that (1998S - 2 Marks) 

(a) nonucleus will decay before t = 4 days 

(b) nonucleus will decay before t = 8 days 

(c) all nuclei will decay before t= 16 days 

(d) agiven nucleus may decay at any time after ¢ = 0 

In a p-n junction diode not connected to any circuit, 

(1998S - 2 Marks) 

(a) the potential is the same everywhere 

(b) the p-type side is at a higher potential than the n-type 
side 

(c) there is an electric field at the junction directed from 
the n-type side to the p-type side 

(d) there is an electric field at the junction directed from 
the p-type side to the n-type side 

X-rays are produced in an X-ray tube operating at a given 

accelerating voltage. The wavelength of the continuous 

X-rays has values from (1998S - 2 Marks) 


(a) Otox 
(b) Amin to 00 where Amin > 0 


(c) OtOAms, Where Ama, <© 


(d) Amin tO Amax Where 0< Amin < Amax < © 
The work function of a substance is 4.0 eV. The longest 
wavelength of light that can cause photoelectron emission 
from this substance is approximately (1998S - 2 Marks) 
(c) 310nm (d) 220nm 
The half-life period ofa radioactive element _X 1s same as the 
mean-life time of another radioactive element Y. Initially both 
of them have the same number of atoms. Then 

(1999S - 3 Marks) 
(a) Xand Yhave the same decay rate initially 
(b) Xand Y decay at the same rate always 
(c) Ywill decay ata faster rate than XY 
(d) Xwill decay at a faster rate than Y 


oz, 
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The graph between the stopping potential (V,) and =| 1S 


shown in the figure. 0), 6) and 63 are work functions, 


which of the following is/are correct (2006 - 5M, -1) 


V 


Metal 1 Metal 2 Metal 3 


0.001 
(a) 0): $9:93 =1:2:4 
(b) 0): 5:63 =4:2:1 


0.002 0.004 r 


(c) tan 9 oc he 
€ 


(d) ultravioletlight can be used to emit photoelectrons from 
metal 2 and metal 3 only 

Assume that the nuclear binding energy per nucleon (B/A) 

versus mass number (A) 1s as shown in the figure. Use this 

plot to choose the correct choice(s) given below. (2008) 


B/A 


oN FO OC 


100 200 

(a) Fusion of two nuclei with mass numbers lying in the 
range of 1 < A< 50 will release energy. 

(b) Fusion of two nuclei with mass numbers lying in the 
range of 51 <A < 100 will release energy 

(c) Fission ofa nucleus lying in the mass range of 100<A 
< 200 will release energy when broken into two equal 
fragments 

(d) Fission ofa nucleus lying in the mass range of 200 <A 
< 260 will release energy when broken into two equal 
fragments 

The radius of the orbit of an electron in a Hydrogen-like 

atom is 4.5 aj, where a, is the Bohr radius. Its orbital angular 


momentum is = . It is given that h is Planck constant and R 
Tt 


is Rydberg constant. The possible wavelength(s), when the 
atom de-excites, 1s (are) (JEE Ady. 2013) 


9 a a d) 
pr OO ie) =O aR () SR 
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35. For photo-electric effect with incident photon wavelength A, 
the stopping potential 1s Vp. Identify the correct variation(s) 
of Vp with A and 1/A. (JEE Adv. 2015) 


(a) A,decreases with increase in dandA | 
(b) A, is approximately halved, if d is doubled 
(c) For large potential difference (V >> @/e), A, is 


36. 


Vo 


(a) (b) 


h 
(d) Mo 


1/r I/r 
A fission reaction is given by oU > Xe + oo Sr+x+y, 


where x and y are two particles. Considering “SU to be at 


rest, the kinetic energies of the products are denoted by 
Ky, Kg,, K,(2 MeV) and Ky(2 MeV), respectively. Let the 


“adi 23677 140 94 
binding energies per nucleon of “5,U, “5,Xe and 3.Sr be 


7.5 MeV, 8.5 MeV and 8.5 MeV, respectively. Considering 

different conservation laws, the correct option(s) is(are) 
(JEE Ady. 2015) 

(a) x=n,y=n,Kg, = 129 MeV, Ky, =86 MeV 

(b) x=p,y=e, Ko, = 129 MeV, Ky. =86 MeV 

(c) x=p,y=n, Kg.= 129 MeV, Ky, =86 MeV 

(d) x=n,y=n, Kg.= 86 MeV, Ky, = 129 MeV 


approximately halved if V is made four times 


(d) A,increases at the samerate as) for X_<he/ 
e Pp Pp 


E Subjective Problems 


A single electron orbits around a stationary nucleus of 
charge + Ze. Where Z is a constant and e is the magnitude 
of the electronic charge. It requires 47.2 eV to excite the 
electron from the second Bohr orbit to the third Bohr orbit. 
Find (1981- 10 Marks) 
(i) The value of Z. 

(i) The energy required to excite the electron from the 
third to the fourth Bohr orbit. 

(11) The wavelength of the electromagnetic radiation 
required to remove the electron from the first Bohr 
orbit to infinity. 

(iv) The kinetic energy, potential energy, potential energy 
and the angular momentum of the electron in the first 
Bohr orbit. 

(v) The radius of the first Bohr orbit. 

(The ionization energy of hydrogen atom = 13.6 eV, Bohr 

radius = 5.3 x 10~!! metre, velocity of light = 3 x 10° m/sec. 

Planck’s constant = 6.6 x 10~*4 joules - sec). 

Hydrogen atom in its ground state is excited by means of 

monochromatic radiation of wavelength 975A. How many 


37. Highly excited states for hydrogen—like atoms (also called different lines are possible in the resulting spectrum ? 
Rydberg states) with nuclear charge Ze are defined by their Calculate the longest wavelength amongst them. You may 
principal quantum number n, where n>>1. Which of the assume the ionization energy for hydrogen atom as 13.6 eV. 
following statement(s) is(are) true? (JEE Adv. 2016) (1982 - 5 Marks) 
(a) Relative change in the radii of two consecutive orbitals How many electron, protons and neutrons are there in a 

does not depend on Z nucleus of atomic number 11 and mass number 24 ? 

(b) Relative change in the radii of two consecutive orbitals . (1982 - 2 Marks) 

war eons Ein : : camel - electrons= (11) number of protons = 

. 111) number of neutrons = 

(c) pitied senci r Ms Eecaierey OF UwO-Consecuive The lonization energy of a hydrogen like Bohr atom is 4 
(d) Relative change in the angular momenta of two Rydbergs. oa pg Wavlene ne radiation 
sanieealivec aisle Waniesae in emitted when the electron jumps from the first excited state 
, to the ground state ? (11) What is the radius of the first orbit 
38. Light of wavelength 1, falls on a cathode plate inside a forthicatoni? (1984-4 Marks) 


vacuum tube as shown in the figure. The work function of 
the cathode surface is and the anode is a wire mesh of 
conducting material kept at a distance d from the cathode. A 
potential difference V is maintained between the electrodes. 
If the minimum de Broglie wavelength of the electrons 
passing through the anode is 2, which of the following 
statement(s) is (are) true? (JEE Adv. 2016) 


er Lint 


Electrons 


A double ionised Lithium atom is hydrogen-like with atomic 

number 3. (1985 - 6 Marks) 

(i) Find the wavelength of the radiation required to excite 
the electron in Li from the first to the third Bohr 
orbit. (Ionisation energy of the hydrogen atom equals 
13.6eV.) 

(1) How many spectral lines are observed in the emission 
spectrum of the above excited system? 

A triode has plate characteristics in the form of parallel 

lines in the region of our interest. At a grid voltage of — 1 

volt the anode current I (in milli amperes) is given in terms 

of plate voltage V (in volts) by the algebraic relation : 

1=0.125V—-7.5 

For grid voltage of — 3 volts, the current at anode voltage 

of 300 volts is 5 milliampere. Determine the plate resistance 

(7), transconductance (g,) and the amplification factor (1) 

for the triode. (1987 - 7 Marks) 
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10. 


11. 


A particle of charge equal to that of an electron, — e, and 

mass 208 times the mass of the electron (called a mu-meson) 

moves in a circular orbit around a nucleus of charge + 3e. 

(Take the mass of the nucleus to be infinite). Assuming 

that the Bohr model of the atom 1s applicable to this system. 

(1988 - 6 Marks) 

(1) Derive an expression for the radius of the nth Bohr 
orbit. 

(i) Find the value of n for which the radius of the orbit is 
approximately the same as that of the first Bohr orbit 
for the hydrogen atom. 

(ui) Find the wavelength of the radiation emitted when the 
mu-meson jumps from the third orbit of the first orbit. 

A gas of identical hydrogen-like atoms has some atoms in 

the lowest (ground) energy level A and some atoms in a 

particular upper (excited) energy level B and there are no 

atoms in any other energy level. The atoms of the gas make 
transition to a higher energy level by absorbing 
monochromatic light of photon energy 2.7 eV. Subsequently, 
the atoms emit radiation of only six different photon 
energies. Some of the emitted photons have energy 2.7 eV, 
some have energy more and some have less than 2.7 eV. 
(1989 - 8 Marks) 

(i) Find the principal quantum number of the initially 
excited level B. 

(ui) Find the ionization energy for the gas atoms. 

(1) Find the maximum and the minimum energies of the 
emitted photons. 

Electrons in hydrogen like atom (Z = 3) make transitions 

from the fifth to the fourth orbit and from the fourth to the 

third orbit. The resulting radiations are incident normally 
on a metal plate and eject photoelectrons. The stopping 
potential for the photoelectrons ejected by the shorter 
wavelength is 3.95 volts. Calculate the work function ofthe 
metal and the stopping potential for the photoelectrons 
ejected by the longer wavelength. (1990 - 7 Marks) 


(Rydberg constant = 1.094 x 10’m7! 
It is proposed to use the nuclear fusion reaction 


2H +? H-»3 He (1990 - 8 Marks) 


in a nuclear reactor of 200 MW rating. Ifthe energy from 
the above reaction is used with a 25 per cent efficiency in 
the reactor, how many grams of deuterium fuel will be needed 


per day. (The masses of 2H and as He are 2.0141 atomic 


mass units and 4.0026 atomic mass units respectively) 
A monochromatic point source radiating wavelength 6000 
A, with power 2 watt, an aperture A of diameter 0.1 manda 
large screen SC are placed as shown in fig. A photoemissive 
detector D of surface area 0.5 cm? is placed at the centre of 
the screen. The efficiency of the detector for the 
photoelectron generation per incident photon 1s 0.9. 

(1991 -2+4+2 Marks) 


12. 


13. 


14. 


15. 


(a) Calculate the photon flux at the centre of the screen 
and the photocurrent in the detector. 

(b) Ifthe concave lens L of focal length 0.6 m is inserted in 
the aperture as shown, find the new values of photon 
flux and photocurrent. Assume a uniform average 
transmission of 80% from the lens. 

(c) Ifthe work function of the photoemissive surface 1s 
leV, calculate the values of the stopping potential in 
the two cases (without and with the lens in the 
aperture). 

A nucleus_X, initially at rest, undergoes alpha decay 

according to the equation, 


HX > via (1991 -4+4 Marks) 


(a) Find the values of A and Z in the above process. 

(b) The alpha particle produced in the above process 1s 
found to move in a circular track ofradius 0.11 mina 
uniform magnetic field of 3 Tesla. Find the energy (In 
MeV) released during the process and the binding 
energy of the parent nucleus_X. 


Given that : m(Y) = 228.03 u: m( 7) = 1,009 u. 


m (4He)=4.003 u; m (11) = 1.008 u 


Light from a discharge tube containing hydrogen atoms falls 
on the surface ofa piece of sodium. The kinetic energy of the 
fastest photoelectrons emitted from sodium is 0.73 eV. The 
work function for sodium is 1.82 eV. Find (1992 - 10 Marks) 
(a) the energy of the photons causing the photoelectric 
emission, 
(b) the quantum numbers of the two levels involved in 
the emission of these photons, 
(c) thechange in the angular momentum of the electron in 
the hydrogen atom in the above transition, and 
(d) therecoil speed of the emitting atom assuming it to be 
at rest before the transition. 
(Ionization potential of hydrogen is 13.6 eV) 
A small quantity of solution containing Na*‘ radio nuclide 
(halflife = 15 hour) of activity 1.0 microcurie is injected into 
the blood of a person. A sample of the blood of volume 1 
cm? taken after 5 hour show an activity of 296 
disintegrations per minute. Determine the total volume of 
the blood in the body of the person. Assume that 
radioactive solution mixes uniformly in the blood of the 
person. (1 curie = 3.7 x10!° disintegrations per second) 
(1994 - 6 Marks) 
A hydrogen like atom (atomic number Z) is in a higher excited 
state of quantum number n. The excited atom can make a 
transition to the first excited state by successively emitting 
two photons of energy 10.2 and 17.0 eV respectively. 
Alternately, the atom from the same excited state can make 
a transition to the second excited state by successively 
emitting two photons of energies 4.25 eV and 5.95 eV 
respectively. (1994 - 6 Marks) 
Determine the values of and Z. (Ionization energy of H- 
atom = 13.6 eV) 
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An electron, in a hydrogen-like atom, 1s in an excited state. 
It has a total energy of —3.4 eV. Calculate (1) the kinetic 
energy and (11) the de Broglie wavelength of the electron. 
(1996 - 3 Marks) 
At a given instant there are 25% undecayed radio-active 
nuclei in a sample. After 10 seconds the number of 
undecayed nuclei reduces to 12.5%. Calculate (1) mean-life 
of the nuclei, and (11) the time in which the number of 
undecayed nuclei will further reduce to 6.25% of the 
reduced number. (1996 - 3 Marks) 
Assume that the de Broglie wave associated with an electron 
can form a standing wave between the atoms arranged in a 
one dimensional array with nodes at each of the atomic 
sites. It is found that one such standing wave is formed if 
the distance d between the atoms of the array is 2A. A 
similar standing wave is again formed if d is increased to 
2.5 A but not for any intermediate value of d. Find the 
energy of the electrons in electron volts and the least value 
of d for which the standing wave of the type described 
above can form. (1997 - 5 Marks) 


The element Curium 26° Cm hasa mean life of 10! seconds. 


Its pirmary decay modes are spontaneous fission and a- 
decay, the former with a probability of 8% and the latter 
with a probability of 92%. Each fission releases 200 MeV of 
energy. The masses involved in a-decay are as follows: 


26° Cm = 248.072220u, 24° Pu = 244.064100u and 


5 He=4.002603 u. Calculate the power output from a sample 


of 107° Cm atoms. (1 u=931 MeV/c?.) (1997 - 5 Marks) 
Nuclei of a radioactive element A are being produced at a 
constant rate a. The element has a decay constant 2. At 
time t= 0, there are No nuclei of the element. 
(1998 - 8 Marks) 
(a) Calculate the number N of nuclei of A at time ¢. 
(b) Ifa=2N A, calculate the number of nuclei of A after 
one half-life of A, and also the limiting value of N as 
[> 0. 
Photoelectrons are emitted when 40 nm radiation is incident 
on a surface of work function 1.9 eV. These photoelectrons 
pass through a region containing a-particles. Amaximum 
energy electron combines with an a—particle to form a He* 
ion, emitting a single photon in this process. He* ions thus 
formed are in their fourth excited state. Find the energies in 
eV of the photons, lying in the 2 to 4 eV range, that are 
likely to be emitted during and after the combination. 
[Take h = 4.14«10-P eV.s.] (1999 - 5 Marks) 
A hydrogen-like atom of atomic number Z is in an excited 
state of quantum number 27. It can emit a maximum energy 
photon of 204 eV. If it makes a transition to quantum state 
n, a photon of energy 40.8 eV is emitted. Find n, Zand the 
ground state energy (in eV) for this atom. Also calculate 
the minimum energy (in eV) that can be emitted by this 
atom during de-excitation. Ground state energy of hydrogen 
atom 1s —13.6eV. (2000 - 6 Marks) 
When a beam of 10.6 eV photons of intensity 2.0 W/m? falls 
on a platinum surface of area 1.0 x 104m? and work function 
5.6 eV, 0.53% of the incident photons eject photoelectrons. 
Find the number of photoelectrons emitted per second and 
their minimum and maximum energies (in eV). Take leV= 
1.6x107°J. (2000 - 4 Marks) 


24. 
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26. 
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In a nuclear reaction **°U undergoes fission liberating 200 
MeV of energy. The reactor has a 10% efficiency and 
produces 1000 MW power. If the reactor is to function for 
10 years, find the total mass of uranium required. 
(2001 - 5 Marks) 

A nucleus at rest undergoes a decay emitting an a particle 
of de-Broglie wavelength A = 5.76 x 10° m. If the mass of 
the daughter nucleus is 223.610 amu and that of the a 
particles is 4.002 amu, determine the total kinetic energy in 
the final state. Hence, obtain the mass of the parent nucleus 
in amu. (1 amu = 931.470 MeV/c?) (2001-5 Marks) 
A radioactive nucleus _X decays to a nucleus Y with a decay 
constant 1, = 0.1 s!. Y further decays toa stable nucleus Z 
with a decay constant A,,= 1/30 s"!. Initially, there are only 
X nuclei and their number is N= 107°. Set up the rate 
equations for the populations of X, Y and Z. The population 
of Y nucleus as a function of time is given by V(t) = (NA,/ 
(A,- Ay)){exp(-Af)-exp(-A,1)}. Find the time at which Nis 
maximum and determine the populations X and Z at that 
instant. (2001-5 Marks) 
A hydrogen-like atom (described by the Bohr model) is 
observed to emit six wavelengths, originating from all 
possible transitions between a group of levels. These levels 
have energies between -0.85 eV and -0.544 eV (including 
both these values). (2002 - 5 Marks) 
(a) Find the atomic number of the atom. 
(b) Calculate the smallest wavelength emitted in these 

transitions. 
(Take hc = 1240 eV-nm, ground state energy of hydrogen 
atom =—13.6 eV) 
Two metallic plates 4 and B, each of area 5 x 10~* m?, are 
placed parallel to each other at a separation of 1 cm. Plate B 
carries a positive charge of 33.7 x 10-'* C. Amonochromatic 
beam of light, with photons of energy 5 eV each, starts 
falling on plate A at t= 0 so that 10!° photons fall on it per 
square meter per second. Assume that one photoelectron 
is emitted for every 10° incident photons. Also assume that 
all the emitted photoelectrons are collected by plate B and 
the work function of plate A remains constant at the value 
2eV. Determine (2002 - 5 Marks) 
(a) the number of photoelectrons emitted up to t= 10s, 
(b) the magnitude of the electric field between the plates 

A and Bat t=10s, and 
(c) the kinetic energy of the most energetic photoelectron 

emitted at t= 10s when it reaches plate B. 
Neglect the time taken by the photoelectron to reach plate 
B. Take €, = 8.85 x 10- C?/N-m? 
Frequency of a photon emitted due to transition of electron 
of a certain element from LZ to K shell is found to be 
4.2 x 108 Hz. Using Moseley’s law, find the atomic number 
of the element, given that the Rydberg’s constant R= 1.1 x 
107m. (2003 - 2 Marks) 
A radioactive sample emits 1 B-particles in 2 sec. In next 2 
sec it emits 0.75 n B-particle, what is the mean life of the 
sample? (2003 - 2 Marks) 
In a photoelectric experiment set up, photons of energy 5 
eV falls on the cathode having work function 3 eV. (a) Ifthe 
saturation current isi, = 44 for intensity 10> W/m/?, then 
plot a graph between anode potential and current. (b) Also 
draw a graph for intensity of incident radiation 
2 x 10> W/m?. (2003 - 2 Marks) 
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DIRECTIONS (Q. No. 1 to 4 & 6) : Each question contains statements given in two columns, which 
have to be matched. The statements in Column-I are labelled A, B, C and D, while the statements in 
Column-II are labelled p, q, rand s. Any given statement in Column-I can have correct matching with 
ONE OR MORE statement(s) in Column-Il. The appropriate bubbles corresponding to the answers to 
these questions have to be darkened as illustrated in the following example : 

If the correct matches are A-p, s and t; B-g and r; C-p and q; and D-s then the correct darkening of 


A radioactive sample of 7*8U decays to Pb through a process 
for which the half-life is 4.5x 10° years. Find the ratio of 
number of nuclei of Pb to 7*U after a time of 1.510? years. 
Given (2)!3= 1.26. (2004 - 2 Marks) 
The photons from the Balmer series in Hydrogen spectrum 
having wavelength between 450 nm to 700 nm are incident 
on a metal surface of work function 2 eV. Find the maximum 
kinetic energy of ejected electron. (Given hc = 1242 eV nm) 

(2004 - 4 Marks) 
The potential energy of a particle of mass m is given by 


Eo; O0<x<l 
0; x>l 


V (x)= 


35. 
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d, and 4, are the de-Broglie wavelengths of the particle, 
when 0 <x<1 andx> 1 respectively. If the total energy of 
particle is 2E,, find A, /X,. (2005 - 2 Marks) 
Highly energetic electrons are bombarded on a target of an 
element containing 30 neutrons. The ratio of radii of nucleus 
to that of Helium nucleus is (14)!. Find (a) atomic number 
of the nucleus. (b) the frequency of K, line of the X-ray 
produced. (R= 1.1 x 10’m~! and c =3 x 108 m/s) 

(2005 - 4 Marks) 
In hydrogen-like atom (z= 11), nth line of Lyman series has 
wavelength A. The de-Broglie's wavelength of electron in 
the level from which it originated is also 1. Find the value of 
n? (2006 - 6M) 


Match the Following 


bubbles will look like the given. 


P qr s t 


EIS! s Tt 
BJOOOOO 
CQOWOOO 
DIO@OSBO 


In the following, column I lists some physical quantities and the column II gives approximate energy values associated with 
some of them. Choose the appropriate value of energy from column II for each of the physical quantities in column I and write 
the corresponding letter p, q, r, etc. against the number (A), (B), (C), (D) etc. of the physical quantity in the answer book. In your 
answer, the sequence of column I should be maintained. (1997 - 4 Marks) 


Column I Column II 
(A) Energy of thermal neutrons (p) 0.025eV 
(B) Energy of X-rays (q) OSeV 
(C) Binding energy per nucleon (r) 3eV 
(D) Photoelectric threshold of a metal (s) 20eV 
(t) 10keV 
(uy) 8MeV 


Given below are certain matching type questions, where two columns (each having 4 items) are given. Immediately after the 
columns the matching grid is given, where each item of Column I has to be matched with the items of Column II, by encircling 
the correct match(es). Note that an item of column I can match with more than one item of column IJ. All the items of column II 


must be matched. Match the following : (2006 - 6M) 
Column I Column II 

(A) Nuclear fusion (p) | Converts some matter into energy 

(B) Nuclear fission (q) Generally possible for nuclei with low atomic 
number 

(C) B-decay (r) Generally possible for nuclei with higher atomic 
number 

(D) Exothermic nuclear reaction (s) Essentially proceeds by weak nuclear forces 


Some laws / processes are given in Column I. Match these with the physical phenomena given in Column II and indicate your 


answer by darkening appropriate bubbles in the 4 x 4 matrix given in the ORS. (2007) 
Column I Column II 

(A) Transition between two atomic energy levels (p) | Characteristic X-rays 

(B) Electron emission from a material (q) Photoelectric effect 

(C) Mosley’'s law (r) Hydrogen spectrum 


(D) Change of photon energy into kinetic energy of electrons (s)  fB-decay 
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4. Column-II gives certain systems undergoing a process. Column-I suggests changes in some of the parameters related to the 
system. Match the statements in Column-I to the approapriate process(es) from Column-II. (2009) 
Column-I Column-Il 
(A) The energy of the system is increased (p) System : Acapacitor, initially uncharged 
Process : It is connected to a battery 
(B) Mechanical energy is provided to the system, which is (q) System : A gas in an adiabatic container fitted with 
converted into energy of random motion of its parts an adiabatic piston 
Process: The gas is compressed by pushing the 
piston 
(C) Internal energy of the system is converted into its (r) System: A gas ina rigid container 
mechanical energy Process: The gas gets cooled due to colder 
atmosphere surrounding it 
(D) Mass of the system is decreased (s) System: Aheavy nucleus, initially at rest 


Process: The nucleus fissions into two fragments 
of nearly equal masses and some neutrons are 
emitted 

(t) System: Aresistive wire loop 
Process: The loop 1s placed in a time varying 
magnetic field perpendicular to its plane 


DIRECTION (Q.No. 5) : Following question has matching list I and II. The codes for the lists have choices (a), (b), (c) and (d) out 
of which ONLY ONE is correct. 


5. Match List I of the nuclear processes with List II containing parent nucleus and one of the end products of each process and 


then select the correct answer using the codes given below the lists: (JEE Ady. 2013-11) 
List I List II 
P. Alpha decay L ~O570+#.. 
Q. B+ decay 2. a, Ee 
R__ Fission 3 oy Bi-> 85 Pb Paes 
S. Proton emission 4. mig Pu—> a + ses 
Codes: 
P Q R S 
(a) 4 2 l 3 
(b) | 3 2 4 
(c) y 1 4 3 
(d) 4 3 2 l 
6. Match the nuclear processes given in column I with the appropriate option(s) in column II. (JEE Ady. 2015) 
Column! Column II 
(A) Nuclear fusion (p) Absorption of thermal neutrons by U 
(B) Fission in a nuclear reactor (q) oF Co nucleus 
(C) B-decay (r) Energy production in stars via hydrogen 
conversion to helium 
(D) y-ray emission (s) Heavy water 


(t) | Neutrino emission 
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PASSAGE-I 
In a mixture of H-He™ gas (Het is singly ionized He atom), H 
atoms and He+ ions are excited to their respective first excited 
states. Subsequently, H atoms transfer their total excitation energy 
to He+ ions (by collisions). Assume that the Bohr model of atom 
is exactly valid. (2008) 
1. The quantum number n of the state finally populated in He* 


10ns 1S — 
(a) 2 (b) 3 
(c) 4 (d) 5 


2. The wavelength of light emitted in the visible region by Het 
ions after collisions with H atoms is — 
(a) 65x 10-7m 
(b) 5.6x10-7m 
(c) 4.8x10-7m 
(d) 4.0x10-7m 

3. Theratio of the kinetic energy of the n = 2 electron for the H 
atom to that of He” ion is — 


(a) 1/4 (b) 1/2 
(c) 1 (d) 2 
PASSAGE-2 


Scientists are working hard to develop nuclear fusion reactor. 
Nuclei of heavy hydrogen, *H, known as deuteron and denoted 
by D, can be thought of as a candidate for fusion reactor. The 


*H+ 7H 3 He+n+ energy. In the core of 
fusion reactor, a gas of heavy hydrogen is fully ionized into 


D-D reaction is 


deuteron nuclei and electrons. This collection of 2H nuclei and 


electrons is known as plasma. The nuclei move randomly in the 
reactor core and occasionally come close enough for nuclear 
fusion to take place. Usually, the temperatures in the reactor core 
are too high and no material wall can be used to confine the plasma. 
Special techniques are used which confine the plasma for a time ¢, 
before the particles fly away form the core. If n is the density 
(number/volume) of deuterons, the product nt, 1s called Lawson 
number. In one of the criteria, a reactor is termed successful if 
Lawson number is greater than 5 x 10!4 s/cm3. 

It may be helpful to use the following: Boltzmann constant 


e 


k=8.6x 10->eV/K; 7—— =1.44x 10° eVm 


Tae (2009) 


4. Inthe core of nuclear fusion reactor, the gas becomes plasma 
because of 
(a) strong nuclear force acting between the deuterons 
(b) coulomb force acting between the deuterons 
(c) coulomb force acting between deuteron-electron pairs 
(d) thehigh temperature maintained inside the reactor core 

5. | Assume that two deuteron nuclei in the core of fusion reactor 
at temperature 7 are moving towards each other, each with 
kinetic energy 1.5 kT; when the separation between them is 
large enough to neglect coulomb potential energy. Also 
neglect any interaction from other particles in the core. The 
minimum temperature 7 required for them to reach a 
separation of 4 x 10~!> mis in the range 


(a) 1.0x10°?K<T<2.0x 10°K 
(b) 2.0x 10°K<T<3.0x 10°K 
(c) 3.0x10°K<T<4.0x 10°K 
(d) 4.0 10°?K<T<5.0x 10°K 
6. Results of calculations for four different designs of a fusion 
reactor using D-D reaction are given below. Which of these 
is most promising based on Lawson criterion? 
(a) deuteron density = 2.0 x 10!2 cm-3, 
confinement time= 5.0 x 10-3 s 
(b) deuteron density = 8.0 x 10!4 cm-3, 
confinement time= 9.0 x 107! s 
(c) deuteron density = 4.0 x 1073 cm-3, 
confinement time= 1.0 x 107! s 
(d) deuteron density = 1.0 x 1074 cm°3, 
confinement time = 4.0 x 10-4 


PASSAGE-3 


When a particle is restricted to move along x - axis between x =0 
and x =a, where a is of nanometer dimension, its energy can take 
only certain specific values. The allowed energies of the particle 
moving in such a restricted region, correspond to the formation of 
standing waves with nodes at its ends x = 0 and x =a. The 
wavelength of this standing wave is related to the linear momentum 
p of the particle according to the de Broglie relation. The energy 
of the particle of mass m is related to its linear momentum as 


2 
ES = Thus, the energy of the particle can be denoted by a 


quantum number ‘n’ taking values1, 2, 3, ... (n = 1, called the ground 
state) corresponding to the number of loops in the standing wave. 
Use the model described above to answer the following three 
questions for a particle moving in the line x = 0 tox =a. Take h= 
6.6 x 1074 Js ande=1.6x 10°C. 

7. | Theallowed energy for the particle for a particular value of 


n 1S proportional to (2009) 
(a) a (b) a 2 
(c) a! (d) a? 


8. Ifthe mass of the particle is m = 1.0 x 107°" kg and a= 6.6 
nm, the energy of the particle in its ground state is closest 


to (2009) 
(a) O.8meV (b) 8meV 
(c) 80meV (d) 800meV 


9. The speed of the particle, that can take discrete values, is 


proportional to (2009) 
(a) 03 (b) 
(c) n'2 (d) n 

PASSAGE-4 


The key feature of Bohr’s theory of spectrum of hydrogen atom is 
the quantization of angular momentum when an 
electron is revolving around a proton. We will extend this to a 
general rotational motion to find quantized rotational 
energy of a diatomic molecule assuming it to be rigid. The rule to 
be applied is Bohr’s quantization condition. (2010) 
10. A diatomic molecule has moment of inertia 7. By Bohr’s 
quantization condition its rotational energy in the n™ level 
(n = 01s not allowed) is 


Lf h if pr \ 
) leer) (b) nl grr) 
( 7? | »{ h? ) 
"\ er) " lan2r) 
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11. [tis found that the excitation frequency from ground to the 
first excited state of rotation for the CO molecule is close 


4 11 
to = x 10°" Hz. Then the moment of inertia of CO molecule 


about its center of mass 1s close to 


(Take h = 22x10 Js) 


(a) 2.76x10“°kg m? ~— (b)_s«11.87x10°“*°kg m? 


(Cc) 4.67x10"kgm* (d@) 1.17x10“’kg m’ 
12. InaCOmolecule, the distance between C (mass = 12 a.m.u.) 


and O (mass = 16a.m.u.), where 1 a.m.u. = > 10°’ kg , is 


close to 


(a) 2.4x10'°m (b) 1.9x107!° m 


(c) 1.3x107'°m (d) 44x107! m 


PASSAGE-S 


The B -decay process, discovered around 1900, is basically the 
decay of a neutron (n). In the laboratory, a proton (p) and an 
electron (e-) are observed as the decay products of the neutron. 
Therefore, considering the decay of a neutron as a two-body 
decay process, it was predicted theoretically that the kinetic energy 
of the electron should be a constant. But experimentally, it was 
observed that the electron kinetic energy has continuous 
spectrum. Considering a three-body decay process, 1.e. 


n—>pte +v,,around 1930, Pauli explained the observed 


electron energy spectrum. Assuming the anti-neutrino (v, ) to be 
massless and possessing negligible energy, and the neutron to 
be at rest, momentum and energy conservation principles are 
applied. From this calculation, the maximum kinetic energy of the 
electron is 0.8 x 10° eV. The kinetic energy carried by the proton is 
only the recoil energy. 

13. Ifthe anti-neutrino had a mass of 3 eV/c? (where c is the 
speed of light) instead of zero mass, what should be the 
range of the kinetic energy, K, of the electron? (2012) 
(a2) 0<K<0.8x10°eV 
(b) 3.0eV<K<08x10°eV 
(c) 3.0eV<K<08x10°eV 
(d) 0<K<0.8x10°eV 

14. What is the maximum energy of the anti-neutrino? (2012) 
(a) Zero 
(b) Much less than 0.8 x 10°eV. 

(c) Nearly0.8 x 10°eV 
(d) Much larger than 0.8 x 10°eV 


PASSAGE-6 


The mass of a nucleus [x is less than the sum of the masses of 


(A-Z) number of neutrons and Z number of protons in the nucleus. 
The energy equivalent to the corresponding mass difference is 


known as the binding energy of the nucleus. A heavy nucleus of 
mass M can break into two light nuclei of masses m, and m, only 
if(m, + m,) <M. Also two light nuclei of masses m, and m, can 
undergo complete fusion and form a heavy nucleus of mass M' 
only if (m, + m,) > M'. The masses of some neutral atoms are 
given in the table below: 


iH 1.007825 u 2H 2.014102 u 
iH 3.016050u 4He 4.002603 

3 Li 6.015123 u i 7.016004.u 
fo Zn 69.925325 u 8356 81.916709u 

6 Gd ——151.919803u 206 ph ~—--:205.974455u 
33, Bi 208.980388u 210 pq 209.982876u 


(lu=932 MeV/c?) 
(JEE Ady. 2013) 
15. The kinetic energy (in keV) of the alpha particle, when the 


nucleus $1°Po at rest undergoes alpha decay, is 
(a) 5319 (b) 5422 
(c) 3707 (d) 5818 


16. Thecorrect statement is 
(a) Thenucleus SLi can emit an alpha particle 


210 


(b) The nucleus 3,° Po can emit a proton 


(c) Deuteron and alpha particle can undergo complete 
fusion 


(d) The nuclei a Zn and 81 Se can undergo complete 
fusion 


H Assertion & Reason Type Questions 


1. STATEMENF1 (2007) 
If the accelerating potential in an X-ray tube is increased, 
the wavelengths of the characteristic X-rays do not change. 
STATEMENT-2 
When an electron beam strikes the target in an X-ray tube, 
part of the kinetic energy is converted into X-ray energy. 
(a) Statement-1 is True, Statement-2 is True; Statement-2 is 
a correct explanation for Statement-1 

(b) Statement-1 is True, Statement-2 is True; Statement-2 
is NOT acorrect explanation for Statement-1 

(c) Statement-1 is True, Statement-2 is False 

(d) Statement-1 is False, Statement-2 is True 


I Integer Value Correct Type 


1. Ana-particle and a proton are accelerated from rest by a 
potential difference of 100 V. After this, their de Broglie 


Xr 
wavelengths are 1, and A, respectively. The ratio 5» to 
0 
the nearest integer, is (2010) 


= eo  — )Ssopic-wise Solved Papers - PHYSICS 


—_" 
e 


To determine the half life of a radioactive element, a student 


dN (t) 
dt 


versus t. Here is the rate 


plots a graph of Jn 


aN) 
dt 
of radioactive decay at time ¢. If the number of radioactive 


nuclei of this element decreases by a factor of p after 4.16 
years, the value of p is (2010) 


Vi \= 


In|AN(t)/dt| 


nN 


2 


Years 
The activity ofa freshly prepared radioactive sample is 10!° 
disintegrations per second, whose mean life is 10? s. The 
mass of an atom of this radioisotope is 10-° kg. The mass 
(in mg) of the radioactive sample is (2011) 
A silver sphere of radius 1 cm and work function 4.7 eV is 
suspended from an insulating thread in freespace. It is under 
continuous illumination of 200 nm wavelength light. As 
photoelectrons are emitted, the sphere gets charged and acquires 
a potential. The maximum number of photoelectrons emitted from 
the sphereis A x 107 (where 1 <A< 10). The value of ‘z’ 1s 
(2011) 

A proton is fired from very far away towards a nucleus with 
charge Q = 120 e, where e is the electronic charge. 
It makes a closest approach of 10 fm to the nucleus. The de 
Broglie wavelength (in units of fm) of the proton at its start 1s: 
(take the proton mass, m= (5/3) x 10-27 kg: h/e=4.2 x 10 
Jat; 


=9x 10? m/F; 1 fm=10-! m (2012-1) 


ATEQ 

The work functions of Silver and Sodium are 4.6 and 2.3 eV, 
respectively. The ratio of the slope of the stopping potential 
versus frequency plot for Silver to that of Sodium is 

(JEE Ady. 2013-1) 
A freshly prepared sample ofa radioisotope of half-life 1386 
s has activity 10° disintegrations per second. Given that /n2 
= 0.693, the fraction of the initial number of nuclei (expressed 
in nearest integer percentage) that will decay in the first 80 s 
after preparation of the sample is (JEE Ady. 2013-1) 


Section-B 


If 13.6 eV energy is required to ionize the hydrogen atom, 
then the energy required to remove an electron from n = 2 1s 


(a) 102eV (b) 0eV [2002] 
(c) 34eV (d) 6.8 eV. 
At absolute zero, Si acts as [2002] 


(a) non-metal (b) metal 

(c) insulator (d) none of these 

At a specific instant emission of radioactive compound is 
deflected in a magnetic field. The compound can emit 

(i) electrons (i) protons 

(iti) Het (iv) neutrons 


8. 


10. 


11. 


Wy; 


13. 


JEE Main / GIEEE 


A nuclear power plant supplying electrical power to a village 
uses a radioactive material of half life 7-years as the fuel. The 
amount of fuel at the beginning is such that the total power 
requirement of the village is 12.5% of the electrical power 
available from the plant at that time. If the plant is able to 
meet the total power needs of the village for a maximum 
period of nT years, then the value ofnis (JEE Ady. 2015) 
Consider a hydrogen atom with its electron in the n™ orbital. 
An electromagnetic radiation of wavelength 90 nm is used 
to ionize the atom. If the kinetic energy of the ejected electron 
is 10.4 eV, then the value of7n is (he = 1242 eV nm) 

(JEE Ady. 2015) 


For a radioactive material, its activity.A and rate of change of 


5 IN 
its activity R are defined as A = — — 


and R=-— Lon where 
dt 

N(t) 1s the number of nuclei at time ¢. Two radioactive sources 

P (mean life t) and QO (mean life 2t) have the same activity at 

t= 0. Their rates of change of activities at t= 21 are Rpand 


R n 
Ro, respectively. If — = a then the value of n is 


Ko 


(JEE Ady. 2015) 
An electron is an excited state of Li2* ion has angular 
momentum 3h/27. The de Broglie wavelength of the electron 
in this state is px ay (where ay is the Bohr radius). The value 
of p is (JEE Ady. 2015) 


The isotope 8 having a mass 12.014 u undergoes 


B—decay to a C. rae has an excited state of the nucleus 


( C ‘| at 4.041 MeV above its ground state. If a E decays 


O a C*, the maximum kinetic energy of the B—particle in 


units of MeV is (1 u=931.5 MeV/c?, where c is the speed of 
light in vacuum). (JEE Ady. 2016) 
A hydrogen atom in its ground state 1s irradiated by light of 
wavelength 970 A. Taking he/e = 1.237 x 10° eV m and the 
ground state energy of hydrogen atom as —13.6 eV, the 
number of lines present in the emission spectrum is 


(JEE Ady. 2016) 


The emission at instant can be 

(a) 1,11, 11 (b) 1,0, 111,1v (c) iv 
Sodium and copper have work functions 2.3 eV and 4.5 eV 
respectively. Then the ratio of the wavelengths is nearest 
to [2002] 
(a) 1:2 (b) 4:1 (c) 2:1 (d) 1:4. 
Formation of covalent bonds in compounds exhibits 

(a) wave nature of electron [2002] 
(b) particle nature of electron 

(c) both wave and particle nature of electron 

(d) none of these 


(2002| 
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6. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


If No is the original mass of the substance of half-life period 
ti; = 5 years, then the amount of substance left after 15 
years 1S [2002] 
(a) Nj/8 (b) N/16 = (c) N,/2 (d) No/4 

By increasing the temperature, the specific resistance of a 


conductor and a semiconductor [2002] 
(a) increases for both (b) decreases for both 

(c) increases, decreases(d) decreases, increases 

The energy band gap is maximum in [2002] 


(a) metals (b) superconductors 

(c) insulators (d) semiconductors. 

The part of a transistor which is most heavily doped to 
produce large number of majority carriers is [2002] 
(a) emmiter 

(b) base 

(c) collector 

(d) can be any of the above three. 

Which of the following are not electromagnetic waves? 

(a) cosmic rays (b) gammarays [2002] 


(c) PB -rays (d) X-rays. 

A strip of copper and another of germanium are cooled from 
room temperature to 80K. The resistance of [2003] 
(a) each of these decreases 

(b) copper strip increases and that of germanium decreases 
(c) copper strip decreases and that of germanium increases 
(d) each of these increases 

Which of the following radiations has the least wavelength ? 


(a) Y -rays (b) B -rays [2003] 
(c) q-rays (d) X-rays 


When a U??® nucleus ori ginally at rest, decays by emitting 
an alpha particle having a speed “u’, the recoil speed of the 
residual nucleus is [2003] 


a “w* oF @* 

238 234 234 238 
The difference in the variation of resistance with 
temeperature in a metal and a semiconductor arises 
essentially due to the difference in the [2003] 
(a) crystal sturcture 
(b) variation of the number ofcharge carriers with temperature 
(c) type of bonding 
(d) variation ofscattering mechanism with temperature 
A radioactive sample at any instant has its disintegration 
rate 5000 disintegrations per minute. After 5 minutes, the 
rate is 1250 disintegrations per minute. Then, the decay 
constant (per minute) is [2003] 
(a) 04In2 (6b) 02In2 (c)01In2 (d)08In2 
A nucleus with Z= 92 emits the following in a sequence: 
a,B ,B o,a,0,0,0,B°,B ,0,8",B*,o 
Then Z of the resulting nucleus is 
(a) 76 (b) 78 (c) 82 (d) 74 
Two identical photocathodes receive light of frequencies /, 
and f,. If the velocites of the photo electrons (of mass m ) 
coming out are respectively v, and v5, then [2003] 


@) v2-v,2= cat] =f) 


[2003] 


rh 1/2 
(b) vjt+vVv =| +f] 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


ZS. 


(C) v7 45° - Of, + fy) 


1/2 
() vv -|F 4-1) 


Which of the following cannot be emitted by radioactive 
substances during their decay ? [2003] 
(a) Protons (b) Neutrinoes 

(c) Helium nuclei (d) Electrons 

In the nuclear fusion reaction 


4 H+ : H-> 5He +n 
given that the repulsive potential energy between the two 


nuclei is ~~ 7.7x10~!*J , the temperature at which the gases 
must be heated to initiate the reaction is nearly 


[Boltzmann’s Constant k =1.38x10-~ JK] [2003] 


a) 107K  (b)10°K = (©) 103K. () 10°K 
Which of the following atoms has the lowest ionization 
potential ? [2003] 


14 - 133 7 40 ne 16 7 
@ (N() .Cs (Ar (d) . 
The wavelengths involved in the spectrum of deuterium 


iD] are slightly different from that of hydrogen spectrum, 


because [2003] 

(a) the size of the two nuclei are different 

(b) the nuclear forces are different in the two cases 

(c) the masses of the two nuclei are different 

(d) the atraction between the electron and the nucleus is 
differernt in the two cases 

In the middle of the depletion layer of a reverse- biased 

p-n junction, the [2003] 

(a) electric field is zero 

(b) potential is maximum 

(c) electric field is maximum 

(d) potential is zero 

If the binding energy of the electron in a hydrogen atom is 

13.6eV, the energy required to remove the electron from the 


first excited state of Li*™ is [2003 
(a) 30.6eV (b) 13.6eV 
(c) 34eV (d) 122.4eV 


A radiation of energy E falls normally on a perfectly reflecting 
surface. The momentum transferred to the surface is [2004] 


(a) Ec (b) 2E/e (©) Ele  (d) £/¢? 

According to Einstein’s photoelectric equation, the plot of 

the kinetic energy of the emitted photo electrons from a 

metal Vs the frequency, of the incident radiation gives as 

straight the whose slope [2004] 

(a) depends both on the intensity of the radiation and the 
metal used 

(b) depends on the intensity of the radiation 

(c) depends on the nature of the metal used 

(d) isthesame for the all metals and independent of the 
intensity of the radiation 


20. 


pg 


28. 


29. 


30. 


31. 


32: 


33. 


34. 


35. 


36. 


The work function of a substance is 4.0 eV. The longest 
wavelength of light that can cause photoelectron emission 
from this substance is approximately. [2004] 
(a) 310nm =  (b) 400nm_ (c)540nm_= = (d) 220nm 

A nucleus disintegrated into two nuclear parts which have 
their velocities in the ratio of 2 : 1. The ratio of their nuclear 
sizes will be [2004] 
(a) 37:1 (d) 1:37 


(b) 1:2'3 (2! 


The binding energy per nucleon of deuteron (7H) and 


helium nucleus ; He} is 1.1 MeV and 7 MeV respectively. 


Iftwo deuteron nuclei react to form a single helium nucleus, 
then the energy released is [2004] 
(a) 23.6MeV (b) 26.9MeV (c) 13.9MeV (d) 19.2 MeV 

An a-particle of energy 5 MeV is scattered through 180° bya 
fixed uranium nucleus. The distance of closest approach is of 


the order of [2004] 
(a2) 10cm (6) 107° cm © 1A (4) 10° cm 
When npn transistor is used as an amplifier [2004] 


(a) electrons move from collector to base 

(b) holes move from emitter to base 

(c) electrons move from base to collector 

(d) holes move from base to emitter 

For a transistor amplifier in common emitter configuration 
for load impedance of 1kQ (Af =50 and h,, = 25) the 
current gain 1s [2004] 
(a) —24.8 (b) -—15.7. (c)-5.2 (d) —48.78 

A piece of copper and another of germanium are cooled 
from room temperature to 77K, the resistance of 
(a) copper increases and germanium decreases 
(b) each of them decreases 

(c) each of them increases 

(d) copper decreases and germanium increases 
The manifestation of band structure in solids is due to 


(2004| 


(a) Bohr’s correspondence principle [2004] 
(b) Pauli’s exclusion principle 

(c) Heisenberg’s uncertainty principle 

(d) Boltzmann’s law 

When p-n junction diode is forward biased then [2004] 


(a) both the depletion region and barrier height are reduced 

(b) the depletion region is widened and barrier height is 
reduced 

(c) the depletion region is reduced and barrier height is 
increased 

(d) Both the depletion region and barrier height are 
increased 


If radius of the 7] Al nucleus is estimated to be 3.6 fermi 
125 


then the radius of <5°Te nucleus be nearly [2005] 
(a) 8 fermi (b) 6fermi (c)Sfermi (d) 4fermi 


Starting with a sample of pure ©©Cy , i of it decays into 


Zn in 15 minutes. The corresponding halflife is [2005] 


(a) 15 minutes (b) 10minutes 


(c) 1 minutes (d) 5 minutes 


38. 


39. 


40. 


41. 


42. 


43. 


44, 


45. 


eo Ss opic-wise Solved Papers - PHYSICS 
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A photocell is illuminated by a small bright source placed 1 


m away. When the same source of light is placed : m away, 


the number of electrons emitted by photocathode would 
(a) increase by a factor of 4 [2005] 
(b) decrease by a factor of 4 

(c) increase by a factor of 2 

(d) decrease by a factor of 2 

The electrical conductivity of a semiconductor increases 
when electromagnetic radiation of wavelength shorter than 
2480 nm is incident on it. The band gap in (eV) for the 
semiconductor 1s [2005 
(a) 2.5eV (b) lleV (c)07eV = (d)05eV 

The intensity of gamma radiation from a given source is I. 


On passing through 36 mm of lead, it is reduced to ; . The 


thickness of lead which will reduce the intensity to > will be 


(a) 9mm (b) 6mm [2005] 

(c) 12mm (d) 18mm 

In acommon base amplifier, the phase difference between 

the input signal voltage and output voltage is [2005] 
Tt Tt 

a b) — c) = d) 0 

(a) t (b) i (c) ; (d) 


The diagram shows the energy levels for an electron in a 
certain atom. Which transition shown represents the 


emission of a photon with the most energy? [2005] 
n=4 
n=3 
n=2 
n=1 

I Util IV 
(a) IV (b) Il 
(c) (d) I 


Ifthe kinetic energy ofa free electron doubles, it’s deBroglie 
wavelength changes by the factor [2005] 


l 
Of Wz 


A nuclear transformation is denoted by_X (n, a ) SLi . Which 
of the following is the nucleus of element _X ? 


(a) | Be (b) 2c, 


(c) |'Be (d) 2B 

In a full wave rectifier circuit operating from 50 Hz mains 
frequency, the fundamental frequency in the ripple would be 
(a) 25Hz (b) SOHz [2005] 
(c) 70.7Hz (d) 100Hz 

In a common base mode of a transistor, the collector current 
is 5.488 mA for an emitter current of 5.60 mA. The value of 
the base current amplification factor (PB) will be [2006| 


(a) 49 (b) 50 (c) 51 (d) 48 


(a) 2 ) = 


[2005] 
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52. 


53. 


The threshold frequency for a metallic surface corresponds 
to an energy of 6.2 eV and the stopping potential for a 
radiation incident on this surface is 5 V. The incident radiation 
lies in ]2006| 
(a) ultra-violetregion (b) infra-redregion 

(c) visible region (d) X-rayregion 


l 
An alpha nucleus of energy =mv" bombards a heavy 


nuclear target of charge Ze. Then the distance of closest 
approach for the alpha nucleus will be proportional to 


(a) v2 (b) - ]2006| 
m 
l 1 
(c) e (d) 5. 


The time taken by a photoelectron to come out after the 


photon ia is approximately ]2006| 
(a) 10+ (b) 1" s 
(c) 10-16 (d) 107! s 


When 3Li’ nuclei are sp ibaricd by protons, and the 

resultant nuclei are 4Be®, the emitted particles will be 

(a) alpha particles (b) beta particles ]2006| 

(c) gammaphotons (d) neutrons 

The energy spectrum of B-particles [number N(E) as a 

function of B-energy E] emitted from a radioactive source 1s 
[2006] 


NE) : NE) NO 
a) Ep El) Eo ' 
(E) N(E) | | 
3) E 
(Cc) “o  (d) : 


A solid which is not transparent to visible light and whose 
conductivity increases with temperature is formed by |2006] 
(a) Ionic bonding (b) Covalent bonding 

(c) Vander Waals bonding (d) Metallic bonding 

If the ratio of the concentration of electrons to that of holes 


ok 7 
in a semiconductor is 5 and the ratio of currents is vi , 


then what is the ratio of their drift velocities? ]2006| 


5 44 5 4 
@ 3 OF OF @; 

The circuit has two oppositively connected ideal diodes in 
parallel. What is the current flowing in the circuit? |2006| 


40 
D, D, 
12V 
32 20 
(a) 171A (b) 2.00A 
(c) 231A (d) 133A 


34. 


J: 


56. 


a: 


58. 


In the following, which one of the diodes reverse biased? 


12006] 
+10 V 
—-10V 
(a) ‘ (b) R 
+5 V iy 
+5 V 
R 
R R 
(d) 


—-10V 


The anode voltage of a photocell is kept fixed. The 
wavelength A of the light falling on the cathode is gradually 
changed. The plate current I of the photocell varies as 
follows 12006] 


EN 
ALT 


If the aes energy per nucleon in 4 TT i and 4 > He nuclei 
are 5.60 MeV and 7.06 MeV respectively, then in the reaction 


p+ {Li ——> 2 3He 


energy of proton must be [2006| 
(a) 28.24MeV (b) 17.28MeV 
(c) 146MeV (d) 39.2MeV 


The 'rad' is the correct unit used to report the measurement of 

(a) theability of a beam of gamma ray photons to produce 
ions in a target [2006] 

(b) the energy delivered by radiation to a target 

(c) the biological effect of radiation 

(d) the rate of decay of a radioactive source 

If the lattice constant of this semiconductor is decreased, 

then which of the following is correct? [2006] 


conduction 

band width 
band gap 
valence 

band width SV $8 


(a) AlLE. E,, increase 
(b) E, ard in increase, but EF, decreases 
(c) E. and E, decrease, , but Ei increases 
(d) ALE. E, , E,, decrease 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


Therms value of the electric field of the light coming from 
the Sun is 720 N/C. The average total energy density of 
the electromagnetic wave is ]2006| 
(a) 4.58x10°J/m> = (b)- «6.37 10°? J/m3 

(c) 81.35x101!2J/m? (d) 3.3x 103 J/m? 


If Mz is the mass of an oxygen isotope 0!’ ,M, and My 


are the masses of a proton and a neutron respectively, the 

nuclear binding energy of the isotope is ]2007| 

(a) (Mj-17M,)c? 

(b) (My-8M,)c? 

(c) (Mo-8Mp-9My)c* 

(d) Moc? 

In gamma ray emission from a nucleus 

(a) only the proton number changes 

(b) both the neutron number and the proton number 
change 

(c) there is no change in the proton number and the 
neutron number 

(d) only the neutron number changes 

If in a p-n junction diode, a square input signal of 10 V is 


12007] 


applied as shown ]2007| 
SV. 
g a : R, 
—5V 
Then the output signal across R, will be 
10 V 
+5V, 
(a) | | (b) 
(©) @ LT 
—10V 
Photon of frequency v has a momentum associated with it. 
Ifc is the velocity of light, the momentum is ]2007| 
(a) hv/c (b) vic (c)hve  (d)hv/c? 


The half-life period of a radio-active element X is same as 

the mean life time of another radio-active element Y. Initially 

they have the same number of atoms. Then ]2007| 

(a) X and Y decay at same rate always 

(b) X will decay faster than Y 

(c) Ywill decay faster than XY 

(d) Xand Yhave same decay rate initially 

Carbon, silicon and germanium have four valence electrons 

each. At room temperature which one of the following 

statements is most appropriate ? ]2007| 

(a) The number of free electrons for conduction 1s 
significant only in Si and Ge but small in C. 

(b) Thenumber of free conduction electrons is significant 
in C but small in Si and Ge. 

(c) The number of free conduction electrons is negligibly 
small in all the three. 

(d) The number of free electrons for conduction 1s 
significant in all the three. 


o— Ss opic-wise Solved Papers - PHYSICS 
66. 


Which of the following transitions in hydrogen atoms emit 


photons of highest frequency? [2007] 
(a) n=l1ton=2 (b) n=2ton=6 
(c) n=6ton=2 (d) n=2ton=1 


DIRECTIONS: Question No. 67 and 68 are based on the 
following paragraph. 


Wave property of electrons implies that they will show diffraction 
effects. Davisson and Germer demonstrated this by diffracting 
electrons from crystals. The law governing the diffraction from a 
crystal is obtained by requiring that electron waves reflected from 
the planes of atoms in a crystal interfere constructively (see figure). 


67. 


68. 


69. 


70. 


Crystal plane 
Electrons accelerated by potential V are diffracted from a 
crystal. If d = 1A and i = 30°, V should be about 
(h= 6.6 x 10-*4 Js, m,=9.1 x 10-3! kg, e=1.6 x 107!) 
[2008] 
(a) 2000V (b) 50V (c)500V (d) 1000V 
If a strong diffraction peak is observed when electrons are 
incident at an angle ‘i’ from the normal to the crystal planes 
with distance ‘d’ between them (see figure), de Broglie 
wavelength 1, of electrons can be calculated by the 
relationship (n is an integer) [2008] 
(a) dsini=nd jp (b) 2dcosi=nd jp 
(c) 2dsini=nd jp (d) dcosi=nd jp 
This question contains Statement-1 and statement-2. Of the 
four choices given after the statements, choose the one 
that best describes the two statements. [2008] 
Statement-1: 
Energy is released when heavy nuclei undergo fission or 
light nuclei undergo fusion and 
Statement-2 : 
For heavy nuclei, binding energy per nucleon increases with 
increasing Z while for light nuclei it decreases with 
increasing Z. 
(a) Statement-1 is false, Statement-2 is true 
(b) Statement-1 is true, Statement-2 is true; Statement-2 is 
a correct explanation for Statement- 1 
(c) Statement-1 is true, Statement-2 is true; Statement-2 is 
not a correct explanation for Statement-1 
(d) Statement-1 is true, Statement-2 1s false 
A working transistor with its three legs marked P, Qand R is 
tested using a multimeter. No conduction is found between 
P and Q. By connecting the common (negative) terminal of 
the multimeter to R and the other (positive) terminal to P or 
QO, some resistance 1s seen on the multimeter. Which of the 
following 1s true for the transistor? [2008] 
(a) Itis an npn transistor with R as base 
(b) Itisapnp transistor with R as collector 
(c) Itisapnp transistor with R as emitter 
(d) Itis an npn transistor with R as collector 
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71. 


72. 


73. 


74. 


75. 


Suppose an electron is attracted towards the origin by a 


k 
force where ‘k’ is a constant and ‘r’ 1s the distance of the 


electron from the origin. By applying Bohr model to this 
system, the radius of the n" orbital of the electron is found 
to be ‘ry,’ and the kinetic energy of the electron to be ‘7,’. 
Then which of the following is true? ]2008| 


(b) 7, independent ofn, 7, «<n 


I 2 
(a) J, pg en 
n 


2, 


| l 
(c) eet a (d) ee 


In the circuit below, A and B represent two inputs and C 


represents the output. ]2008] 
A 
C 
B 
The circuit represents 
(a) NOR gate (b) AND gate 


(c) NAND gate (d) OR gate 
The transition from the state n= 4 ton = 3 in a hydrogen like 
atom results in ultraviolet radiation. Infrared radiation will 


be obtained in the transition from : ]2009| 
(a) 3-2 (b) 42 
(c) 554 (d) 251 


The surface of a metal is illuminted with the light of 400 nm. 
The kinetic energy of the ejected photoelectrons was found 


to be 1.68 eV. The work function ofthe metalis: ]2009| 
(hc = 1240 eV.nm) 

(a) 141eV (b) 1.5leV 

(c) 1.68eV (d) 3.09eV 


The above 1s a plot of binding energy per nucleon E,, against 
the nuclear mass M; A, B, C, D, E, F correspond to different 
nuclei. Consider four reactions : ]2009| 
(i) A+BoCt+E (i) CrH>A+Bt+E 

(i) D+EK—F+eand (iv) FO D+Et¢, 

where ¢€ is the energy released? In which reactions is € 
positive? 

(a) (i) and (111) 
(c) (a) and (inl) 


(b) (a1) and (iv) 
(d) ()and (iv) 


76. 


77. 


78. 


P-201 


The logic circuit shown below has the input waveforms ‘A’ 
and ‘B’ as shown. Pick out the correct output waveform. 
[2009| 


Input A 


me LL 


Output is 


(c) I I 


(d) a : 
A p-n junction (D) shown in the figure can act as a rectifier. 


An alternating current source (V) is connected in the circuit. 


(he 
R 
bis 


The current (/) in the resistor (R) can be shown by : 


I 
i 
" Lan. ” _ > 
l 
t 

I 

(Cc) (d) 
f i 

Statement -1 : When ultraviolet light is incident on a 
photocell, its stopping potential is V, and the maximum 
kinetic energy of the photoelectrons is K,_. .When the 
ultraviolet light is replaced by X-rays, both V, and K,,_. 
increase. 
Statement -2 : Photoelectrons are emitted with speeds 
ranging from zero toa maximum value because of the range 
of frequencies present in the incident light. [2010] 
(a) Statement -1 is true, Statement -2 is true ; Statement -2 

is the correct explanation of Statement -1. 
(b) Statement -1 is true, Statement -2 1s true; Statement -2 

is not the correct explanation of Statement -1 
(c) Statement -1 1s false, Statement -2 is true. 
(d) Statement -1 is true, Statement -2 is false. 
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DIRECTIONS: Questions number 79-80 are based on the 
following paragraph. 


A nucleus of mass M+ Amis at rest and decays into two daughter 


M 
nuclei of equal mass > each. Speed of light is c. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


The binding energy per nucleon for the parent nucleus is E, 


and that for the daughter nuclei is F,. Then ]2010] 
(a) E,=2E, (b) E,>E, 

(c) E,>E, (d) By =22, 

The speed of daughter nuclei is ]2010] 


-_Am b Pe a 
7 hes () ay 
Am 
(c) <a M +Am 


A radioactive nucleus (initial mass number 4 and atomic 
number Z emits 3 @ - particles and 2 positrons. The ratio of 
number of neutrons to that of protons in the final nucleus 


(d) ¢ 


will be ]2010| 
A-Z-8 b A-Z-4 

(a) 7-4 ( ) 7-8 
A-Z-12 d A-Z-4 

) 7r4 () 7-9 

The combination of gates shown below yields 12010] 

(a) OR gate A 

(b) NOT gate ¥ 


(c) XOR gate 


(d) NAND gate 


If a source of power 4kW produces 102° photons/second , 

the radiation belongs toa part of the spectrum called |2010] 

(a) X-rays (b) ultraviolet rays 

(c) microwaves (d) Y -rays 

This question has Statement — 1 and Statement — 2. Of the 

four choices given after the statements, choose the one 

that best describes the two statements. ]2011] 

Statement — 1: Sky wave signals are used for long distance 

radio communication. These signals are in general, less 

stable than ground wave signals. 

Statement — 2 : The state of ionosphere varies from hour to 

hour, day to day and season to season. 

(a) Statement—1 is true, Statement—2 is true, Statement—2 
is the correct explanation of Statement—1. 

(b) Statement—1 is true, Statement—2 is true, Statement—2 
is not the correct explanation of Statement — 1. 

(c) Statement — 1 is false, Statement — 2 1s true. 

(d) Statement — 1 is true, Statement — 2 1s false. 

Energy required for the electron excitation in Li** from the 

first to the third Bohr orbit is : ]2011] 

(a) 36.3eV = (b) 108. 8eV_ (c) 122.4eV (d) 12.1 eV 

The half life of a radioactive substance is 20 minutes. The 

approximate time interval (z, — ¢,) between the time ¢, when 


2 ] 
3 of it had decayed and time ¢, when 3 of it had decayed 1s : 


87. 


88. 


89. 


90. 


aL, 


92. 


eo _.__ Topic-wise Solved Papers - PHYSICS 


(a) 14min (b) 20min 
(c) 28min (d) 7min 
This question has Statement — 1 and Statement — 2. Of the 
four choices given after the statements, choose the one 
that best describes the two statements. [2011] 
Statement — 1: A metallic surface is irradiated by a 
monochromatic light of frequency v > v, (the threshold 
frequency). The maximum kinetic energy and the stopping 
potential are K,,, and V, respectively. If the frequency 
incident on the surface is doubled, both the K,,, and V, are 
also doubled. 
Statement — 2 : The maximum kinetic energy and the 
stopping potential of photoelectrons emitted from a surface 
are linearly dependent on the frequency of incident light. 
(a) Statement—1 is true, Statement—2 is true, Statement — 2 
is the correct explanation of Statement — 1. 
(b) Statement—1 is true, Statement—2 1s true, Statement —2 
is not the correct explanation of Statement — 1. 
(c) Statement — 1 1s false, Statement — 2 1s true. 
(d) Statement -— 1 is true, Statement — 2 is false. 
Hydrogen atom is excited from ground state to another state 
with principal quantum number equal to 4. Then the number 
of spectral lines in the emission spectra will be:  ]2012| 
(a) 2 (b) 3 (c) 5 (d) 6 
Truth table for system of four NAND gates as shown in 
figure Is : [2012] 


(2011| 


A 


A radar has a power of 1kW and is operating at a frequency 
of 10 GHz. It is located on a mountain top of height 500 m. 
The maximum distance upto which it can detect object 
located on the surface of the earth (Radius of earth 
=6.4x 10°m)is: [2012| 
(a) 80km (b) 16km (c) 40km_ (d) 64km 
Assume that a neutron breaks into a proton and an electron. 
The energy released during this process is : (mass of neutron 
= 1.6725 x 10-2” kg, mass of proton = 1.6725 x 10-7 kg, 
mass of electron = 9 x 1077! kg). [2012] 
(a) 0.73 MeV (b) 7.10MeV (c) 6.30MeV(d) 5.4MeV 
A diatomic molecule is made oftwo masses m, and m, which 
are separated by a distance r. If we calculate its rotational 
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energy by applying Bohr's rule of angular momentum 98. The current voltage relation of a diode is given by 
quantization, its energy will be given by : (7 is an integer) 


I= Cored _ 1) mA, where the applied voltage V is in volts 


222702 24.2 
(a) ail a (b) — and the temperature T is in degree kelvin. Ifa student makes 
2mymyzr 2(m, + Mp )r an error measuring +0.01 V while measuring the current of 
a On2h2 - (m, +my)n7h? are at 300 K, what will be the error in the pen i ae 
ec) TD — CO? ain 
(my +m )r Artigitigy (a) 0.2mA (b)0.02mA (c) 05mA (d)0.05mA 


93. A diode detector is used to detect an amplitudemodulated 99 
wave of 60% modulation by using a condenser of capacity 
250 picofarad in parallel with a load resistance 100 kilo ohm. 
Find the maximum modulated frequency which could be 
detected by it. D  — JJEE Main 2013] density. 


(a) 10.62 MHz (b) Electric energy density is half of the magnetic energy 
(b) 10.62kHz density _ | 

(c) 5.31 MHz Signal (c) Soe energy density is equal to the magnetic energy 
d) 5.31 kHz 7, a 

(d) @) 


94. Themagnetic field in a travelling electromagnetic wave has Tir mee electric and aaa lace densities ni en 
a peak value of 20 nT. The peak value of electric field strength ena avon Cone. pee on oye 


. During the propagation of electromagnetic waves in a medium: 
[JEE Main 2014] 
(a) Electric energy density is double of the magnetic energy 


is: [JEE Main 2013] atom falls on a metal surface to produce photoelectrons. These 
(a) 3V/m (b) 6V/in electrons are made to enter a magnetic field of 3 x 10 T. If 
(c) 9V/m (d) 12V/m the radius of the largest circular path followed by these 

electrons is 10.0 mm, the work function of the metal is close 


95. The anode voltage of a photocell is kept fixed. The 
wavelength A of the light falling on the cathode is gradually 1: Oe aacal| 
changed. The plate current I of the photocell varies as emery Ore eer (Eee 
follows : [JEE Main 2013] 101.Hydrogen (,H! ), Deuterium (,H’), singly ionised Helium 


(, He’ ) and doubly ionised lithium ( , Li‘ \ all have one 


electron around the nucleus. Consider an electron transition 
: | \ = from n =2 ton =1. Ifthe wavelengths of emitted radiation are 
X,, 4,3 and A, respectively then approximately which 
one of the following is correct? [JEE Main 2014] 
(a) 4A, =2A, =2A0, =A, (db) A, =2A, =2A, =A, 
(c) A, =A, =4A, =9A, (d) A, =2A, =3A, =4A, 
102.The forward biased diode connection is: |JEE Main 2014] 


(a) +2V —2V 
96. The Vy ee ee ofan LED is [JEE te 120131 _3y DI 3 
(b) ——pp—_-~~— 
B 2V 4V 
G Ce 
I (b) R (d) ch A a sl 
103.Match List - I (Electromagnetic wave type) with List - II (Its 
O V O V association/application) and select the correct option from 
Vv O the choices given below the lists: [JEE Main 2014] 
I R List 1 List 2 
(d) Y ] 1. Infrared waves (i) Totreat muscular strain 
£ 2. Radio waves (u) For broadcasting 
3. X-rays (i) To detect fracture of bones 
97. Ina hydrogen like atom electron make transition from an 4. Ultraviolet rays (iv) Absorbed by the ozone 
energy level with quantum number n to another with quantum layer of the atmosphere 
number (n — 1). Ifn>>1, the frequency of radiation emitted is 1 7 3 4 
proportional to : |JEE Main 2013] (a) (iv) (ii) W@W (i) 
dd @ Ww 
®- W)> OD OS oOo Ww ¢ 
n n? ns, n? () Gi) fi) @ Ww 


qd @ @ G@ = () 
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104. Ared LED emits light at 0.1 watt uniformly around it. The 
amplitude of the electric field of the light at a distance of 1 m 


from the diode is: [JEE Main 2015] 
(a) 5.48V/m (b) 7.75 V/m 
(c) 1.73 V/m (d) 2.45 V/m 


105.A signal of 5 kHz frequency is amplitude modulated on a 
carrier wave of frequency 2 MHz. The frequencies of the 
resultant signal is/are : [JEE Main 2015] 
(a) 2005 kHz, 2000 kHz and 1995 kHz 
(b) 2000 kHz and 1995 kHz 
(c) 2 MHz only 
(d) 2005 kHz and 1995 kHz 

106.As an electron makes a transition from an excited state to the 
ground state of a hydrogen - like atom/ion : [JEE Main 2015] 
(a) kinetic energy decreases, potential energy increases but 

total energy remains same 
(b) kinetic energy and total energy decrease but potential 
energy increases 
(c) its kinetic energy increases but potential energy and total 
energy decrease 

(d) kinetic energy, potential energy and total energy 

decrease 


107.Match List - I (Fundamental Experiment) with List - II (its 
conclusion) and select the correct option from the choices 
[JEE Main 2015] 
(i) Particle nature of 
light 


(1) Discrete energy 
levels of atom 


given below the list: 


(ii) Wave nature of 
electron 


iv) Structure of atom 
(a) (A)-(); (B)-(); (C)-(1) 
(b) (A)-(v); (B)-(u); (C)-(1) 
(c) (A)-(); (B}(v); (C)-(i1) 
(d) (A}-Gi); Biv), (CH) | 
108. For a common emitter configuration, if « and B have their 
usual meanings, the incorrect relationship between a and 


B is: ]JEE Main 2016] 
_ BL _ 

(a) T4B (b) @ 1+B2 
1 1 B 

© gp @ “TB 


109. Ifa, b, c, dare inputs to a gate and x is its output, then, as per 


the following time graph, the gateis: [JEE Main 2016] 
¢ JUUUUL 
c Ff LI LI 
en es 
ee 
ee 


110. 


111. 


112. 


113. 


eo _.__ Topic-wise Solved Papers - PHYSICS 


(a) OR ) NAND 
(c) NOT (d) AND 
Choose the correct statement : ]JEE Main 2016] 


(a) In frequency modulation the amplitude of the high 
frequency carrier wave is made to vary in proportion to 
the amplitude of the audio signal. 

In frequency modulation the amplitude of the high 
frequency carrier wave is made to vary in proportion to 
the frequency of the audio signal. 

In amplitude modulation the amplitude of the high 
frequency carrier wave is made to vary in proportion to 
the amplitude of the audio signal. 

In amplitude modulation the frequency of the high 
frequency carrier wave is made to vary in proportion to 
the amplitude of the audio signal. 

Radiation of wavelength A , is incident on a photocell. The 
fastest emitted electron has speed v. If the wavelength is 


(b) 
(c) 


(d) 


3r 
changed to —, the speed of the fastest emitted electron 
will be: ]JEE Main 2016] 


4 \2 4\2 
0 >(4 © «(4 


Half-lives of two radioactive elements A and B are 20 minutes 
and 40 minutes, respectively. Initially, the samples have 
equal number of nuclei. After 80 minutes, the ratio of 
decayed number of A and B nuclei will be: 

| JEE Main 2016] 
(a) 1:4 (b) 5:4 


(c) 1:16 (d) 4:1 
Identify the semiconductor devices whose characteristics 
are given below, in the order (a), (b), (c), (d) : 


[JEE Main 2016] 
I I 
V V 
(a) (b) 
I Resistance 


Intensity 
of light 


Illuminated 


(c) (d) 

Solar cell, Light dependent resistance, Zener diode, 
simple diode 

Zener diode, Solar cell, simple diode, Light dependent 
resistance 

Simple diode, Zener diode, Solar cell, Light dependent 
resistance 

Zener diode, Simple diode, Light dependent resistance, 
Solar cell 


(d) 
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Solutions & Explanations 


Units and Measurements 


Section-A : JEE Advanced/ IIT-JEE 


1 ML*T-! 2. M-3L-*T*Q4 3. ML>°T-? 
1. (Cc) 2. (d) 3. (a) 4. (c) 5. (a) 6. (d) 
7. (c) 8. (d) 9. (b) 10. (b) 11. (d) 12. (c) 
13. (a) 14. (b) 15. (b) 
1 (a, d) 2. (a,b,c) 3. (a,b,c, d) 4. (b,c) 5. (a,c) 6. (d) 
7. (a,c,d) 8. (b,c) 9. (a,c) 10. (b,d) 11. (a,b,d) 
1. (i) N/m’; (ii) Tesla; (iii) Dioptre; 2. a=—5/6,b=1/2,c=1/3 3. @OIMLT'0 7) Gd [MZ'T?] 
4. Angular Momentum -[MZ?T-']; Latent heat — [Z?7-] ; Torque —[ML?T~*] 

Capacitance — [M/L-2T°Q?] ; Inductance — [ML*Q~*] ; Resistivity —[ML>T"!Q-7] 
5. Capacitance coulomb-volt—!, coulomb?-joule7! 

Inductance ohm-sec, volt-second (ampere)! 

Magnetic Induction newton (ampere-metre)! 

l 

(a) q=CV,U=>CV" 

(b) Refer to solution of Q. 3, type D 

(c) F=ILB 
6. a units 7. 2.6cm2 8. 1.09x10!° Nn-2 9. 2.66 gm/cem3 
lI (A)>p,q;(B)>148; C)>1,8;M)> 48 2. (Cc) 
1. (c) 2. (b) 
1 @) 2. (4) 3. (4) 

Section-B : JEE Main/ AIEEE 

1. (a) 2. (Cc) 3. (b) 4. (a) 5.  (d) 6. (c) 
7, (a) 8. (d) 9. (d) 10. (a) 11. (a) 12. (a) 
13. (c) 14. (b) 15. (b) 16. (d) 17. (a) 18. (d) 


Sof JEE €@dvanced/ liT-JEE 


A. Fill in the Blanks C. MCQs with ONE Correct Answer 
1 
27-2 1, c) Note : Here (4). E? represents ener er unit 
, | ML T | _ ( 5 } £0 p gy p 
E=hv a ia 7 ML - | volume. 
E en) 
1 7-272 92 [ey] [E’]= [Energy ats ey? 
[X] =[C] = [AL is - O*| [ Volume] i 
[Z]=[B]=|MT" Oo"! 2. @)_ Dimensionally ¢9Z = Capacitance (c) 
Be ore ey, 
rYI= [ME TO) _iy 3727") er ae ae 
(MT 'o!f At At At 
2 3. (a) V= @=(1.2x10-%m)3=1.728 x 10-6 m3 
MLT~ ¢ = Gee 
[a]=[PV]= LP =ML5T-2 => V=1.7x10°m’. 


L 


(a) 


(d) 


(c) 


(d) 


(b) 


eo _ opic-wise Solved Papers - PHYSICS 


Unit of & is joules per kelvin or dimensional formula of 
kis [ML?T* 97! ] 
Note : The power of an exponent is a number. 


10. (b) 


Therefore, dimensionally TA aM Ler? 


edd 
Ze 


[ML-T*0""}[0] fy, 2 
oe 


and dimensionally P= 


ll. @ 
—2 
ple 


Mir 


m 
(nr? 


p- 


Ap Am 2Ar Ae 12. () 
p m r £ 

Putting the values 

Al =0.06 cm, 2 =6cm; Ar=0.005 cm; r=0.5 cm, 


m=(0.3 gm; Am=0.003 gm 
Ap 4 


p ~ 100 
Electric flux o; -E.S 


Dimensionally 6, + E 


AP 100 = 4%. 
0 


0.5 
Least count = 50 = 0.01mm 


Zero error = 5 x L.C=5 x 0.01 mm=0.05 mm 
Diameter of ball = [Reading on main scale] + [Reading 
on circular scale x L . C]— Zero error 
=0.5 x 2+25 x 0.01—0.05 =1.20mm 
2g £ T 


13. @) 


Af and AT are least and number of readings are 
maximum in option (d), therefore the measurement of g 
is most accurate with data used in this option. 


y smsk _ 4x1x98x2 
nD” l n(0.4 x 1073 \ : (0.8 x 10>} 


~2.0x10!! N/m? 


Now AY — 24D a At 
Y D £ 
[-.. the value of m, g and L are exact] 


= 7 Le LL, 025+0.0625 
04 08 
=0.05+ 0.0625 =0.1125 


AY=2 x 10!! x 0.1125=0.225 x 10!! 
— 0.2x10!! N/m? 


14. (b) 


15. (b) 


Note: We can also take value of y from options given 
without calculating it as it is same in all options. 


Y =(2+0.2)x10'! N/m? 
The time period of a simple pendulum is given by 


id cd td 
r=2n,|* 17? =4n7 — => g=4n° — 
§ g Lr 


=> $8 100 = ee x 1004-28 x100 
g l ih 
Case (i) 
Al=0.1 cm, £= 64cm, AT= 0.1s, 7= 128s 
20 divisions on the vernier scale 
= 16 divisions of main scale 
.. 1 division on the vernier scale 


eas fmai pee i086 
= 50 divisions ofmain scale = >— = 0.8mm 


We know that least count = 1MSD-—1VSD 
=1mm-—0.8mm =0.2mm 
Diameter D = M.S.R. + (C.S.R) x L.C. 


D=2.5+20 x 2 
50 


D=2.70mm 
The uncertainty in the measurement of diameter 
AD=0.01 mm. 


We know that 
_ Mass M_ OM 
Volume V | 4 (py? 
(3) 
- AP 100 = EYE i003 2400 
p M A 


0.01 
=2+ x100 =3.19 
2+3%x 770 3.1% 


The maximum possible error in Y due to / and d are 


AY _ Al, 2Ad 
Y l d 
Least count = —————_______- mee 
No. of divi on circular scale 
= ee = 0.005 mm 
100 


oes te Al 0.005mm _ 1 
Error contribution of / = —-=— 7 = 


l 0.25mm 50 
2Ad 2x0.005mm 1 
E 1 1 f i 
rror contribution of d F 05 50 


Reading = M.S.R + No of division of V.S matching the 
main scale division (1MSD—1VSD) 


= 5.10+24{ 0.05- >| 
50 


=5.124cm Option (b) 1s correct. 

ForC, 

L.C.= 1MSD-1VSD 

= Imm—0.9mm=0.1 mm=0.0lcm [10 VSD=9mm] 
Reading = MSR + L.C x Verni scale division coinciding 
the Main scale division = 2.8 + (0.01) x 7=2.87 cm 
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Units and Measurements —————$—$—$—$— ee i i— __.g 


For C, 

L.C=1mm-1.1 mm [10 VSD=11 mm] 
L.C=—0.1 mm =—0.01 cm 

Reading = 2.8 + (10—7) x 0.01 =2.83 cm 


D. MCQs with ONE or MORE THAN ONE Correct 


1. (a,d) t=Fxrxsn0; W=F x dx cosO 
Dimensionally, light year = wavelength = [L] 

2. (a,b,c) 
Reynold’s number 
= Coefficient of friction = [M°L°7°] 
Note : Curie is the unit of radioactivity (number of 
atoms decaying per second) and frequency also has 
the unit per second. 


ee W 
Latent heat = £ and Gravitation potential = a 
mM 


3. (a,b, c,d) 


i=". L= -|(2). r=2¥. p=Rxt 
I dt 2 
= > __ weber 
I ampere 
—e volt volt-sec 
7 dl / dt 7 ampere/sec 7 ampere 
pes 2U _ joule 


r’ (ampere)* 


L= Rxt=ohm-sec 


i od O10, F Molto 
4. (b,c) By definition -= ————; and — = ——— 
: (4&9 )r7 £ 2nb 
2 272 
I°T 
Hence, [9] = iC ES er Wl ae Saka WG 
[Fl[r*] MLT~?.L 
F) MLT~* 
[Ho] = ual = = MLT? I? 


7 
5. (a,c) As the length of the string of simple pendulum is exactly 


1m (given), therefore the error in length Al =0. 
Further the possibility of error in measuring time is 1s 


in 40s. 
At _ AT ot 
"t+ T 40 


The time period T = a = 2 seconds 


poe ee es AT = 0.05sec 
T 40 2 £40 


l 
We know that T = 22 uy Ss airs 
& 


l 
f= An’ T 


P-S-3 


Ae AS 100 = AF 100420 100 
g l T 
. 48 100 = 04-2{ 7 }x100 =5 
g 40 
. r 
6. @) Given 2dsin 0= 7 6 «d= oe ... (I) 
ia * —cosec 8 cot 8] 
d6 2 
r - 
d (d) =- a cosec8 cotO dé ... (Il) 
on dividing (1) and (11) we get 
aie cot6d 6 
As 8 increases from 0° to 90°, cot 6 decreases and 
therefore ra decreases option (d) is correct 
: x cosO 
From (ii) |d (d)| = a ene 
cos 9 
This value of sin. 0 decreases as 9 increases from 
0° to 90° 
9. (a,c,d) 
Leh CG 
Dimensionally 


(Mer 7°) =(MeT PLT pM IPT? F 
Mr? 7 = \r-2 p2xtyt3z Gx-y-2z 
x-—z=0 => x=2Z 


2x+y+3z=1 and-x—y-—2z=0 
On solving we get 


l 3 | 
ia ae Lae 
Le Jp 
Le JG 
C, D are correct options 
Mceh?PG 


Mir: <[ML2T!F [LTP [MIB TZ 
MILT? « M*-2 [2x t+ yt 3z [-x-y -22 


x-z=1 
2x+y+3z=0 
—x-—y-—2z=0 

On solving we get 
ee 
a a 
Mc« Jc 


A is the correct option. 


p-S-4 


9. 


Topic-wise Solved Papers - PHYSICS 
(b,c) 10. (b,d) 
Vernier callipers q’ 
icm We know that, dimensionally «= —,—_, 
1 MSD= ~~ =0.125em Cr 
RT 
5 VSD=4MSD Ee 
l 

’ ey eee 1/2 

“. SVSD=4 x gm 0.5cm ck,T ¢? ; Fx : 

+. 1VSD=0.lem NOW ng |@F f¢| | 
L.C= 1MSD-1VSD 1/2 
=(0.125em—0.lem i g |) OF xq? 3 
=0.025cm SON nb gl! xFxl 

Screw gauge 


One complete revolution = 2M.S.D 

Ifthe pitch of screw gauge is twice the L.C of vernier callipers 
then pitch = 2 x 0.025 = 0.05cm. 

L.C of screw Gauge 


pitch 
~ Total no. of divisions of circular scale 


SO 910005 =0.005 
100 .0005cm= 0.005 mm. 


(b) is a correct option 

Now if the least count of the linear scale of the screw gauge 
is twice the least count of venier callipers then. 

L.C of linear scale of screw gauge = 2 x 0.025 =0.05cm. 
Then pitch =2 x 0.05 =0.1cm. 


0.1 
Then L.C of screw gauge = —~ cm=0.001cm= 0.01mm. 


100 
(c) 1s acorrect option. 
(a,c) We know that 
C= and R= [12 


l 
VHo£0 £9 


Now, Uy l’=& V 


Wo _V* _ 2 

== R => Option A is correct 

274) I 
Now, &J=uU)V 

Up J 1 _ 

Pa “TR => Option B is incorrect 
Now, [=&,CV 

eae 

EgC i a 

a 


= Option C is correct 
Now, yu, Cl=&)V 

Uo V _ R —_ [Ho ] 

—S>S>|S > ———  — — X =u 

74) Ic G e714) I 0 


VHo&o 


=> Option (d) is incorrect 


] 
11. (a,b, d) % error in measurement of ‘r’ = 10 x100=10% 


Ti ——ee ~0.556~0.56S 
Ave 0.04+0+4+0.01+0.024+ 0.03 0.016 =0.02S 


“. % error in the measurement of ‘T’ 


_ 2.07 100 = 3.57% 
0.56 


% error in the value of g 
AR + Ar 


= 2ST «100+, ) 100 


+] 


} 100 ~ 11% 
0 


- 2(3.57)+( 2 


E. Subjective Problems 


The M.K:S. unit of Young’s modulus is Nm~. 
The M.K.S. unit of magnetic induction is Tesla. 
The M.K.S. unit of power of lens is Dioptre. 
Given that T x P@d?E° 
=> [M°L°T"] = [ML"!T]2 [ML-3} [ML*T-?]° 
[M97] = [M2 +b+c¢ ,-a-3b + 2c 2a - 2c] 
at+b+c=0, -—a-—3b+2c=0 
—2a-—2c=1 
On solving, we get 
a=-5/6, b= 1/2, c=1/3 
Magnetic Flux = [M!L2T7-!071] 
Modulus of Rigidity = [MZ~!T-2] 


Angular Momentum [ML2T-!] 

Latent heat [L777] 

Torque [ML*T?] 

Capacitance [M1L27207] 

Inductance [ML70~7] 

Resistivity [ML?T!O-*] 

Capacitance coulomb-volt~!, coulomb?- 
joule™ 

Inductance ohm-sec, volt-second 
(ampere)~ 


Magnetic Induction newton (ampere-metre)~! 


l 
(a) q=CV,U=5cV" 
(b) Refer to solution of Q. 3, type D 
(c) F=1LB 
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Units and Measurements —————$—$—$_$_ i i i — _ _.g 
6. 


(n + 1) divisions of vernier scale = n divisions of main scale. 


One vernier division = ore] main scale division 
n 


Least count = 1 M.S.D—1VS.D = (1-—* } MSD 


l 
=—_ MSD.= ae units [*. 1 MSD=a units] 
n+] n+] 


lmm 
L = — =-(0.0lmm 
east Count 100 


Diameter = MSR + CSR x (least count) 
= 1mm-+47 x (0.01)mm= 1.47mm 
Surface Area = 2D! 


22 
a 1.47 x 56mm? = 2.58724 cm2 


= 2.6 cm? (Rounding off to two significant figures) 
W L 


ee es 


nD? X 


4 
KEY CONCEPT : Maximum error in Yis given by 


e3 (42) AX AL 
— = 2} —|+—+— 
Pee D/) xX L 
= 2( 2.001 (2000 (24) = 0.0489 
0.05 0.125/ \110 
It is given that W=50 N; D=0.05 cm =0.05 x 10-*m; 
X =0.125 em =0.125 x 10-2m; 
L=110cm=110x 102m 
7 50x4x110x10* 
3.14(0.05 x 10-7) x (0.125 x10°7) 
.. Maximum possible error in the value of 


Y=AY=0.0489 x 2.24 x 101! 
= 1.09x 10!9 N/m2 


=2.24 x 10!!N/m2 


F. Match the Following 
A:p->q 
Reason : Unit of GMM, = Fr? = Nm? = kg = x m? 
s 
=kg m3s2 

Also (volt) (coulomb) (metre) = (joule) (metre) 

= (N-m)(m)=Nm?=kg ms 
B:r7s 


3RT ») 3RT 
Reason : v,.. = TY => Viens ara 


R 
=> Unit of one is m2 s~? 
Also (farad) (volt)? (kg)~! = (joule) kg“! 
= N-m kg"! =kg ms-* mkg"! = ms? 


C:ros 
p) 


F 
Reason : F = qvB > v*= =) 


Unit of v* is m2s~* which is further equal to FV? kg“!. 
D:r-s 


2GM > 2GM 
= ys 2 


Reason : Escape velocity v, = R V5 ; 


GM . 
The unit of = is m2 s~2. 


Zz 


p-S-5 


R PV ML'T?’xP 
(c) Boltzmannn constant = = = ae Art EK, 


nTN © K 

= MI?T °K"! 
eer eee MLT~ - 
Coefficient of viscosity = = —=ML T 
6mrv LxLT 
D> 
ML*T 4 

Planck constant = - =—— = ML a Nae 


Jey 
Thermal conductivity = ae sere oe ae 
= MLT-3K"! 
(c) is the correct option. 
L.C.= 1 MSD—-1 VSD 


= IMSD - = MSD 


4 ( 
[ 10 Tosa 10 © 0.1mm 


The side of cube= 10 mm + 1 x 0.1 mm= 10.1 mm = 1.01 cm 

mass __2.736g 
volume — (1.01)° 
(Rounding off to 3 significant figures) 


Now, density = = 2.66g / cm? 


G. Comprehension Based Questions 


() e=[AT],  o=[T"] 

N=[L?], €, =[M!L3A?T4 

We do not want Ampere [A] in the expression. This is 

only possible when €, occurs as square. Therefore 

options a and b are incorrect. 
Ne? Lar 
me, \MM'E?4*T* 

2 


= "fT =f 


M E_ 
2 


(b) = 


= 2nv = 2n—- Ap 2 
Mm & r Ne 


10729 x197!! 


oe OO nm 
4x107! x (1.6x lo" 


= 2x=x3x108 


I. Integer Value Correct Type 
M27? = M* CMT OT? 


M° pr? = M*ty 3* 7-9-2 
“xt+y=0, -—3x=1 


(4) ae 


Here F, a and L are accurately known. 


—5 
OY ioe 00 


= ane x 100 =4% 
x 


P-S-6 o—_——————  — )SEopic-wise Solved Papers - PHYSICS 
3. (4) E=A? 94! 
log, E=2 log, A -0.2t al x 100=2 & x 100 + Q.2t (4 x 100 
On differentiating we get E iis A t 
dE _ 449A 95H, , - Tg * OH 2* 1.25% +0.2*5 x 1.5% 
E A t dE 
As errors always add up therefore a a x 100=4% 


Bl Section-B 


SO Di fwire= MSR+ CSR * L.C.=0+ == x52 
= [MLT~2}[L] _ (Mi2T~?]; lameter of wire = C.= 100 
t=r7xF >t=rFsin0 = 0.52 mm=0.052 cm 
=[L](MLT~*)] = [MPT] 12. @ R=~ 

2. (c) Weknow thatthe velocity of light in vacuum is given I 
by 

| oes AK «100 = *~ «10049 x100 = 343 = 6% 
c= i =c=L*T- R V I 
VHoFo Ho®&o 13. (c)_ -. Reading of Vernier = Main scale reading 
3. (b) Momentum=mv=[MLT"] + Vernier scale reading x least count. 
E Mer a Main scale reading = 58.5 — 
Planck’s constant, /= Sa ML*T Vernier scale reading = 09 division 
r F least count of Vernier = 0.5°/30 
4. (a) Fromstokeslaw F =6nnrv > n=—— 0.5° 
émrv Thus — R=58.5°+9x 
qe a ee R=58.65 
Tale ae dee = 
5. @ Moment ofInertia, /= Mr? 14. (6) Asweknow,F = pee > = ne. 
, Anéy R? AnFR 
[]= [ML" | 
ey er [AT] ~27 -3-74 42 
Moment of force, tT = r x Hence, £9 = ——— 5 = [M*LT"A"] 
=e = ees, MLT~.L 
Lt Se vee 15. (b) Measured length of rod = 3.50 cm 
6. (c) Weknow thatF=qvB For vernier scale with 1 Main Scale Division = 1 mm 
F  MLT~ Aix 9 Main Scale Division = 10 Vernier Scale Division, 
ea 1 =MT C Least count = 1 MSD-1 VSD 
qv CxLT Ad ain 


7. (a) Momentum, p=mxv 
mee faa ie pe a significant figures) 16. @ As, &= 4° 72 

8. ) Least count of screw gauge = mm = 0.01mm So, Dey 100 = Al «100+ pAt x 100 
.. Reading = a a a a Pac scale oe 
=[3 +35 x 0.01] -(-0.03)=3. 38mm = ris Nea Oe =2.72 = 3% 


9. @ 30 Divisions of vernier scale coincide with 29 
divisions of main scales 17. (a) AT= AA 
29 
Therefore 1 V.S.D= 39 MSP 2414340 ie 
29 a Cs 
Least count = 1 MSD—- 1VSD=1 MSD — 30 MSD As the resolution of measuring clock is 1.5 therefore 
l 1 the mean time should be 92 + 1.5 
= — MSD = —x0.5°=1]1 minute. 
_ 30 30 0.5 _ 
10. (a) Number ofsignificant figures in 23.023=5 18. d@) LC = 50 =0.01 mm 


Number of significant figures in 0.0003 = 1 


Number of significant figures in 2.1 x 10-3 =2 Zero error = 5 x 0.01 = 0.05 mm (Negative) 


Reading = (0.5 + 25 x 0.01) +0.05=0.80mm 


] 
11. (a) L.C.= 755 mm 
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Motion 


Section-A : JEE Advanced/ IIT-JEE 


A 1. 2R-7R 2. d/v 3. 0.6m/s 
B 1 T 2, J Sr 
© lh @ 2. (bd) & fb) 4. (a) 5. (a) 
6.  —(b) 7. {a) 8. (a) %. {c) 
Dk hb 2 {a,¢,d) a (2, 0.c) 
Ey oly 2. (0: (i 4. mid point of AB, 3.53 
E 1 an 2ae8 . (1I)0; GO x No . midpointo , dda SEC. 
5.17.32, 11.547 m from B 6. 1 sec, (5/3, 5) in metres 
u’sin2a —— ucos(a+8) 4; : : - : 
7. (a) geos6 ree w= (3.751 +6.25)) m/s.t—lsec. 9. 45 , 2 m/sec: 
H 1. (b) 
I 1, § 2. 5 3. 8 
Section-B : JEE Main/ AIEEE 
lL 6) Z. {b) 3. ‘{c) 4. (d) 5. (6) 6. (a) 
7 6) 8. (a) 9. {(b) 10. (d) 11. (c) 12. (d) 
13. (c) 14. (d) 15. (a) 16. (d) I. <) 18. (b) 
19. {b) 20. (a) 21. (d) 22. (d) 23. \(c) 24. (c) 
25. (a) 26. (a) 27. (d) 28. (c) 29. {b) 30. (b) 
31. (c) 32. (b) 
Bea JEE Gdvanced/ liT-JEE 
A. Fill in the Blanks The velocity (v) of spot = dx / dt 


= _ d 
1. Displacement= AOB=2R distance and the angular speed (w) of spot light = s 


S dt 
ae From A SOP, 
1 — — » 6 
Distance = ACB = 1R , | : tan d= —  x=htan 
displacement h 
2. a Ee ave Vee of bs w.r.t L along the line KL is ts dx ZF? 6 do , pose ye 
VEL VE HVE HVE TCL) . . 
7 v=3 sec? 45° x 0.1 [6+ =90°] 
i =3x2x0.1=0.6m/ 
(‘. the component of velocity of Z along KL is zero) " ey 
t B. True/False 
o> 
Koy L 1. KEYCONCEPT 
K— d ——I When the two balls are thrown vertically upwards with the 


The displacement of K till K and L meet is d. same speed u then their final speed v at the point of projection 


isv?—u7=2xgxs 

Here, s=0 

..v=u for both the cases 
2. T.E.=PE.+K.E. 

T.E. = Constant 

At P, K.E. is minimum and PE. 1s maximum. Since K.E. 1s 
(% S horizontal plane Se eee aa Sy st 

swat Mala 3. The pressure exerted will be different because one train is 
= moving in the direction of earth’s rotation and other in the 
horizontal circle opposite direction. 


d 
Time taken for K and L to meet will be = 7 


vertical wall 


P-S-8 

1 (a) 
2. (bd) 
3. (db) 
4. (a) 
5. (a) 
6. (bd) 


N 
E 
S 
Time taken to cross the river t= 
v, Cos® 
NOTE : For time to be minimum, cos 9 = maximum 


=> 6=0° 
The swimmer should swim due north. 


Shortest route corresponds to v, perpendicular to river 


flow EN 
v. 
d d 
reas gr 
Vp y 
Vbr r %. 
l | 
or 4 = a 
25-v, 
=> v,=3 km/h 
| displacement | 
| Average velocity |= ———_——— 
time 
= cal = 2x ; = 2m/s. 
KEY CONCEPT 


Before hitting the ground, the velocity v is given by 
v* = 2 gd (quadratic equation and hence parabolic path) 
Downwards direction means negative velocity. After 
collision, the direction become positive and velocity 
decreases. 

d 


Further, v'* = 22g x (4) = gd; 


(7) =J/2 orv=v'v2 Svar 


As the direction is reversed and speed is decreased 
graph (a) represents these conditions correctly. 


a 
i= y (2n-1); 


s = 5 2@+ 1-1 SQn+1) 


n 


Sy 2n=1 


Sn+] a 2n+1 
Change in velocity = area under the graph 


| 
= pe oe 


Acceleration (m/s”) 
10 


11 Time (s) 
Since, initial velocity is zero, final velocity is 55 m/s. 


(a) 


(a) 


(c) 


(b) 


Topic-wise Solved Papers - PHYSICS 


The equation for the given v-x graph is 


Vv 
yoo ey Vo ... I) 
XO 
dv Vo 
ax XO 
dv Vv Vv V 
y—=-—xy=-0 2 Oy + ip from (1) 
dx =X Xo| Xo 
2 2 
vy WwW dv 
aS k= (11) .a=Vv— 
XO XQ dx 


On comparing the equation (11) with equation of a 
straight line 
y=mx+c 


Yo 
we get m= —, = tVve, 


x 
1.e. tan 8 =+ ve, 1.e., 8 is acute. 
2 
Vv 
Also c= eral 
2 
x0 


1.e., the y-intercept is negative 
The above conditions are satisfied in graph (a). 
At t=0, the relative velocity will be zero. 


Att= > the relative velocity will be maximum in 


magnitude. 


T beets 
Att= >? the relative velocity will be zero. 


T Se mcoeck ; 
Att= — , the relative velocity will be maximum in 


magnitude 
At t= T, the relative velocity again becomes zero. 


: TC TR 
The x-coordinate of P= v,. x t= @R x in = ae 
This horizontal distance travelled will be greater than 
any point on the disc between O and P. Therefore the 
landing will be in unshaded area. In the same way, the 
horizontal distance travelled by Q is always less than 
that of any point between O and R. Therefore the landing 
will be in unshaded area. 


D. MCQs with ONE or MORE THAN ONE Correct 


Average acceleration 


pnd els +(-yj) Av 


t t t 


To find the resultant of vp and ~V, , we draw a diagram 
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Motion P-S-9 
x? y? 
> + > =] 
a’ ob 
.. The path of the particle 
is an ellipse. 
From the given equations 
we can find, 
dx : d*x 2 
— =v, =-apsin pt; an a, =—ap™ Cos pt 
dt dt 
| Av |= ve +vy = 57 45% = “slime dy 
YY — pb cos pt 
aj 582 ; 
os v2 and uaa - = ay = bp” sin pt 
Since, | V f l=|-v; |, «. yp is directed towards N— W. dt 
2. (a,c, d) Note : a cannot remain positive for all ¢ in the At time t= al or pt= = 
interval 0 <t¢< 1. This is because since the body starts 2p Z 
from rest, it will first accelerate. Finally it stops therefore a, and Vy become zero (because cos Zh ). Only 
a. will become negative. Therefore o will change its 2 
direction. Options (a) and (d) are correct. v, and a, are left, 
_ _ or we can say that velocity is along negative x-axis and 
y t= 0 f Z acceleration along negative y-axis. 
a a a a | 
T 
x=0 B, B B, x=1 Hence, at ¢ = Ba velocity and acceleration of the 
Let the particle accelerate uniformly till half the distance el . 1 hoth 
(A to B) and then retard uniformly in the remaining half Pardevere nemarocacnoud. 7 oo 
distance (B to C). At t = t, position of the particle r(t)=xi+yj 
The total time is 1 sec. Therefore the time taken from . a 8 ; ; 
= l fth l 
Wty Bis See. acos pti+b sin ptj and acceleration of the particle 
For A toB : i ; , ‘ 
tc .2 1 a(t) = a,i+a, j =—p*[acos ptit bsin pt j] 
S=ut+—at“ —0.5=0+=xax(0.5) ae oe - 
2 y) =—p’ | xi+yj]=—-p' rl) 
a=4m/s , Therefore, acceleration of the particle is always directed 
Vp=0+4x0.5=2m/s towards origin. 
Note : Now, if the particle accelerates till B, then for a Tt a 
covering the same total distance in same time, At ¢=0, particle is at (a, 0) and at t= op particle is at 
acceleration should be less than ‘ m/s but \deceleration (0, b). Therefore, the distance covered is one fourth of 
should be greater than 4 m/s“. And if the particle sheellinncalonh and nora 
accelerates till B,, then for covering the same total rE 
distance in the same time, the acceleration should be E. Subjective Problems 
greater than 4 m/s? and | deceleration | < 4 m/s?. 1 
The same is depicted by the graph. - velocity 
Vv 
V acme TITTTIT ITE 
2 M/S frowseggeenenennggnnnnnnengganenesenes 
A<— 5 —e—T > time 
Distance travelled = area of A ABC 
A ] l 
O 1 t (S) = 3 x base x altitude = 5 x t X Vinax 
So, the | acceleration | must be greater than or equal to / \ 
4 m/s* at some point or points in the path. axl ie ap If oP | 2 
x 2 a+B 2 La Ht B) 
3. (ab,c) x=acos pt > cos (pt) = — (1) 
a dx 
| | y 2 Vx =t-3 >x=2+9-6t ». v=—=2t-6 
y=bsin pt > sin (pt)= — (2) . dt 
b (i) For velocity to be zero, 2t—-6=0 => t=3 sec. 


Squaring and adding (1) and (2), we get, The displacement is x =9+9-6x3=0 


p-S-10 


d 
ji) a=—=2 + Att=0,v=—6ms" 


dt 
At t=6 sec, v=6 ms"! 
Work done = Change in K-E. = [K.E,—K_E,] 


eye a BO 
= 5m(6)"-m(6)” =0 


Position 
As shown, at a given instant of time, the body is at two 
different positions A and B which is not possible. 
If a body drops from a height H above the ground then 
the time taken by it to reach the ground 


— 2H __ [2x61.25 ee 
k= g be =. a = 3,955 


(i) Let z¢bethe time taken for collision. 
For mass m thrown horizontally from A. 
For horizontal motion 
PM=10t ... (i) 
For vertical motion 
u,=0; SHV; A, = Bib, = 


10 cos 60° 
Cc 


2 


] 6 


Vwau,tat=gt ... (111) 


mm 7d —— 


For mass 2m thrown from C 
For horizontal motion OM=[10 cos 60°] ¢ 


OM=5t ... (IV) 
For vertical motion Myo 10 sin 60° =5 V3 es 
Saye 10; tat 
Now, vy=5V3 +g ... (V) 
and (s,) = uy t+ = 4,2 
=> ytl10= sV31+— 90 ... (VI) 


From (11) and (vi) 


1» L5 2 
— of” +10 =5V3t+—e2t" > t= —=sec 
2° N3 far er ae 


2 
BD=PM+ MQ=10t+5t=15t=15 x WB 


= 10V3 =17.32m 
(i) Applying conservation of linear momentum (during 
collision of the masses at M) in the horizontal 
direction 
m x 10—2m 10cos 60° =3 mx v, 
> 10m-10m=3mxv, > v,=0 
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Since, the horizontal momentum comes out to be zero, the 
combination of masses will drop vertically downwards and 
fall at E. 
2 
BE=PM= 10t=10x —==11.547m 
V3 


For Bullet A. Let t be the time taken by bullet A to reach P. 
Vertical motion 

= . i _ . = 2s — 
Uy 0; Sy 10-y; a, 10 m/s‘; L=t 


10-y=5?? ...(i) 


O x xX 
Horizontal motion 


x= 531 ...(ii) 
For bullet B. 
Let (t+ t') be the time taken by bullet B to reach P 
Vertical Motion 
Let us consider upward direction negative and downward 
positive. Then 


Uy = ~5/3 sin 60° =-7.5 m/s, ay=t 10 m/s2 


et 12 
s,=+(10—y); Latte, s,=uytt 5 Ayt 


10-y=-7.5(t+t')+5(t+t/ ... (iii) 
Horizontal motion 

x= (5V3 cos60°) (¢+ t’) 

=> 5§/31+5V3t'= 2x ... (iv) 


Substituting the value of x from (11) in (iv), we get 


53 t+5V3t'=10v3t 
> t=? 
Putting t=1' in eq. (iii) 

y-10=15t-207 .. (Vv) 
Adding (i) and (v) 

0=15t-157 > t=1 sec. 


(i) Putting t= 1 in eq. (11), we get x= 5/3 

Putting ¢= 1 in eq. (1), we get y=5 
Therefore, the coordinates of point P are (5./3 , 5) in metres. 
(a) wisthe relative velocity of the particle with respect to 
the box. Resolve u. 
u,. 1s the relative velocity of particle with respect to the box 
in x-direction. 
u, 1s the relative velocity with respect to the box in 
y-direction. 
Since, there is no velocity of the box in the y-direction, 
therefore this is the vertical velocity of the particle with 
respect to ground also. 
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Y-direction motion (Taking relative terms w.r.t. box) 


u=+usin a 
a,=—g cos 8 
s. = 0 (activity is taken till the time the particle comes 


back to the box.) 


Ly=E 


I 2 22 ; | 
Sa yeh aye => 0=(usin a) t- 5 & 0080 xt" 


> t=O0ort= 


2u sin a 
gcosO 


X - direction motion (Taking relative terms w.r.t. box) 
u.=t+ucosa; a.=0,t,.=t,5,=5,, 


ne: 
= Hai a 


(b) 


2usina u- sin2a 
=> S,=u COS & Xx = 
gcos®@ gcos8 


For the observer (on ground) to see the horizontal 


displacement to be zero, the distance travelled by the box in 


time 


Let the speed of the box at the time of projection of particle 


Dy si 
[ usin x) should be equal to the range of the particle. 
gcos® 


be U. Then for the motion of box with respect to ground. 


7 ages 2usin a -u* sin 20 
u.=—U; a=-gsin0;t, = ——; s,= ——_ 
* ee "Y  gcos6’ * gcos0 
1 2 
5 = Uxb +> axl 
oe : 2 
— 2 2 
u~ sin “=u me —* gsino( #82) 
2zcos8 zcos@ 2 gcos8 
ee ee ucos(a+8) 
n solving we ge ae 


8. Let 't'be the time after which the stone hits the object and 0 


be the angle which the velocity vector u makes with 


horizontal. 


Vy — UuCOS ) 


| ® 
gt-usin6=[y,,] 


usin9 11.25m _ 
| 
| 


uCOS 
According to question, we have following three conditions. 


(i) 


Vertical displacement of stone is 1.25 m. 


, | 
Therefore, 1.25=(usin®@ )t- 7 et 


where g = 10 m/s? 
or (usin®)t =1.25+527 ...(i) 


1. 


(ui) 


(uti) 


(a) 


(b) 


(b) 
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Horizontal displacement of stone 
= 3 + displacement of object A. 


] 
Therefore, (u cos @ )tH=3 + a at? 


where a= 1.5 m/s? 

or (ucos@ )t=3+0.75 7 ... (il) 
Horizontal component of velocity of stone = vertical 
component (because velocity vector is inclined at 45° 
with horizontal.) 

Therefore (u cos 9 ) = gt—(usin®@ ) ... (111) 
(The right hand side is written gt—u sin@ because the 
stone is in its downward motion. Therefore, gt> usin @ . 
In upward motion usin @ > gt). Multiplying equation 
(111) with t we can write, 

(ucos® )t+(using )t=10 ... (iv) 
Now, (iv) — (ii) — (i) gives 4.25  —4.25=0ort=1s 
Substituting ¢= 1s in (1) and (11), we get, 

usin@ =6.25 m/s or uy, = 6.25 m/s 

and ucos@ =3.75 m/s. 


or u,.=3.75 m/s therefore u =Uu,i+uy j 


or u=(3.75i+6.25 j)m/s 
Let the ball strike the trolley at B. Let 


RG = velocity of ball w.r.t. ground 


Vg = velocity of trolley w.r.t. ground 
Velocity of ball w.r.t. trolley 


eee . B 
Yar =YaG—Yrq_ --() ; : 
From triangle OAB "BG - 
OA+ AB = OB 
on OA + VTG = VBG 
ae OA = VRBG = VG ri (11) W4 

O M 


From (i) and (ii) OA=Vpr 
=> velocity of ball w.r-t. trolley makes an angle of 45° 
with the X-axis 
Here 9 =45° 
40 4x45 _ 
ae 


60° 


In AOMA, 
9 =45° > ZOAM=45° 
“. ZOAB=135° 
Also ZBOA = 60° — 45° = 15° 
Using sine law in AOBA 
YBG 
sin135° 


VTG 
=—— > Vp-=2m/s 
sin15° BG 


H. Assertion & Reason Type Questions 


Statement-1 is true. For a moving observer, the near by 
objects appear to move in the opposite direction at a 
large speed. This is because the angular speed of the 
near by object w.r.t observer is large. As the object moves 
away the angular velocity decreases and therefore its 
speed seems to be less. The distant object almost 
remains stationary. 
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Statement-2 is the concept of relative velocity which 2. 5 
states that 


V21—V2G-VI1G 


where G is the laboratory frame. pee! 

Thus both the statement are true but statement-2 is not 

the correct explanation of statement-1. 

|. Integer Value Correct Type Here 

5 From the perspective of observer A, considering Var ve cosey 

vertical motion of the ball from the point of throw till it ce J3 

reaches back at the initial height. Se ae are 

U,=+ 5V3 m/s, S,=0, a,=-10m/s’, t=? “. Vp=200ms"! 

5/3 m/s _ —‘L0m/s Time = displacement 
A z velocity 
60" 500 500 
Ti : = ———— = 5 sec 


ty = ———— 
0 ypsin30° 200 x sin 30° 


3. 8 
l 03ms 02ms!|qa=2ms~ 
Applying S=ut + > at? > 0= 5./3¢—5¢° A oe 


t= ./3 sec 4m 


5m/s 


Considering horizontal motion from the perspective of For ball A 
observer B. Let u be the speed of train at the time of throw. 


u, = 0.3 ms |, ay = ~2ms~*, S,=x,t,=t 
The horizontal distance travelled by the ball = (u+ 5) ./3 . 


1 
The horizonal distance travelled by the boy 8, = Uh t+ Salt 
l 2 x=0.3t-7 (1) 
—|uv3+—a(v3)° |4+1.15 
2 3) For ball B 
As the boy catches the ball therefore u,=0.2 ms"!, a, =2ms?, s, =4—x, t= 
3 1 
(u+5)V3 =U ore e ere V6 Sy = Unty + Saat 
= 2 
+ 593 =1.5at1.15 +. 7.51=1.5a 4—x=O0.2tt8 (2) 
eae arena? From (1) and (2) t=8 sec 


yeaa JEE Main/ @iEEE 


I 


(c) Let u be the speed with which the ball of mass mis 2. (b) Ball A is thrown upwards from the 


projected. Then the kinetic energy (E) at the point of building. During its downward 
projection is ’ journey when it comes back to the 
1 a point of throw, its speed is equal to 
E=—mv (i) “mw ., the speed of throw. So, for the 
2 a3 journey of both the balls from point 
When the ball is at the highest point of its flight, the AtoB. 


We can apply v* — u2 = 2gh. 


ace ee: 
speed of the ball is WD) (Remember that the horizontal As u, g, h are same for both the balls, v= vp 


component of velocity does not change during a (c) 


ae Case-1: 4 =50x—>-m/s, v=0,s=6m,a =a 
projectile motion). 18 


.. The kinetic energy at the highest point 5\2 
vy? —-u* =2as > 0° -(s0x5} =2xax6 


2 
] #) 1 mu2 E : 
=—m| = 
a 0} ae 5 [From (1)] 5)\2 | 
>- ar =2xax6 (1) 
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10. 


(d) 


(b) 


(a) 


(c) 


(a) 


(b) 


(d) 


5 
Case-2: u= tae m/sec , v=0,s=s,a=a 


. y* —y* =2as 


z 
~ 0" -(100x5) = 2as 


5 2 
-(100%) =2as_ ... (ii) 
Dividing (1) and (11) we get 
100x100 2xaxs 


= = 24 
50x50 2xax6 es - 
From the figure it is clear that range is required 
R= u* sin 20 7 
& 
2: ° 

= Oe 5 

10 
x =a? and y= pr 


Vy = a and v yo 2 aap 


y= fv? +V5, = 90214 498214 = 317 Ja? +B° 


| 
We know that saut+ogt, or h= eel Ge u=0) 


now for 7/3 second, vertical distance moved is given 
by 


2 2 
3] oe eae ai 
2 9 9 


1 
eae 
2°\3 


.. position of ball from ground = h 3 So 


AxB-BxA=0 > AxB+AxB=0 

Ax B=0 

Angle between them is 0, 7, or 2 7 

from the given options, 9 = x 

The angle for which the ranges are same is 
complementary. 

Let one angle be 8, then other is 90° — 0 


2usi 2 
T = usin §@ T= ucos8@ 
& 4 
Au? sin @ cos 0 u sin’ 0 
ete 


Hence it is proportional to R. 

Only option (b) is false since acceleration vector is 
always radial (i.e . towards the center) for uniform 
circular motion. 


Speed, u = 60 <= mis = = mis 


d = 20m, = Gg mS 


Let declaration be a then (0)* —u? =—2ad 


or u*=2ad ... (Al) 
and (0)? — u'2 =—2ad’ or u =2ad' ...(2) 
d' 
(2) divided by (1) gives, 4= 7 => d'=4x20=80m 


Yes, the person can catch the ball when horizontal 
velocity 1s equal to the horizontal component of ball’s 
velocity, the motion of ball will be only in vertical 
direction with respect to person for that, 


2 =¥, cos or 6 = 60° 


l 
Distance from A to B= S= aft => ft; =25 
Distance from B to C= (f)t 
uw (ft)? «til 
2a 2(f/2) 1” 


A ¢ B C fj D 


ty t 2ty 


Distance from C to D= 


15S 
> S+ftt+28=15S > fat=128 


1 
But aS tt =S§ 


A 
6 


On dividing the above two equations, we get t, = 


= 834) <4 


Average acceleration V5 
change in velocity 


. . A eae ot ao 
time interval ve 


— 


Vy = 5i,v =5j 


pe le oe le. 


10 2 
2 2 
| +( I) 2, ae ee 
2 2. a 
tan@=2 => =1 @=45° 
Vy 


Therefore the directon is North-west. 


t = ax” + bx ; Diff. with respect to time (t) 
Cag Gab =p 
dt dt at at dt 


1 = 2axv+ bv=v(2Qax+ b) > 2ax+b= a 
Vv 


Bs ae — l 
Again differentiating, ag +0= _law 
dt y2 dt 


d 
SS =f=-2av” [. ae ac 
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15. 


dx dx 
a — ; —=avx > = =adt 


x t 
dx x 2 
—=a| dt _.| 2x i ue 2 
l. 2/74] =alth > 2 x-—at er as 


16. 


17. 


18. 


19. (b) 


0 
(d) Letube the velocity with which the particle is thrown 
and m be the mass of the particle. Then 


Rene 
2 


(1) 
At the highest point the velocity is u cos 60° (only the 
horizontal component remains, the vertical component 
being zero at the top-most point). Therefore kinetic 
energy at the highest point. 


l l K 
K'= aul COS 60°)* = = rmu cos” 60° = 1 [From 1] 


(c) We know that, y= = de=vat 
t 
t 


Xx 
Integrating, | dx = |v dt 
0 0 


t 2 3 
or x=] (v + gt + ft”) dt oem 
0 0 


2 3 
t t 
Or, r= vt 4 


Cie. 


Att=1, *=V ere 
(b) For the body starting from rest 


= 1 2 4/2 
x; =O+ 5 at a ar 


For the body moving with constant speed 
xX =Vi 


n= = Sat? — yt => SAD) 


at—v 


at t=0, Xj-X7 = 0 


X1— X 


Vv ; 
For t< an the slope is negative 


v 
For t= oo the slope is zero 


v a 
For t> rc the slope is positive 


These characteristics are represented by graph (b). 
For downward motion v=-gt 

The velocity of the rubber ball increases in downward 
direction and we get a straight line between v and ¢ 
with a negative slope. 


l 
Also applying ¥- Yo = utt+ sate 


l | 
We get poh ae => y=h-T gt 


The graph between y and f 1s a parabola with y = h at 
t = 0. As time increases y decreases. 


20. 


21. 


22. 


23. 


24. 


(d) 


(d) 


(c) 


(c) 
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For upward motion. 

The ball suffer elastic collision with the horizontal 
elastic plate therefore the direction of velocity is 
reversed and the magnitude remains the same. 

Here v= u—gt where u Is the velocity just after collision. 
As ¢ increases, v decreases. We get a straight line 
between v and ¢ with negative slope. 


ee: 
Also y=ut —38t 
All these characteristics are represented by graph (b). 
Given i =31 +47, @=04i+0.37,t=10s 


$= i+ Gt =37+47+ (0.47 +0.3j)x10=7+7) 


(BEV 477 =7V2 units 


: dy » 
v=k(yit+x/) =vypb ty Js its 
de | 1. ® 
dt a= at 
“dx y > yay=xax > y =x +constant 


s=P +5 = velocity, y= F a3 


Tangential acceleration a, = —~ = Of 


dt 
Z 9 ‘4 
Radial acceleration a= —= a 


‘ 
R 
Att=2s, a,=6x2=12 m/s? 

9x16 
ao = 

20 

“. Resultant acceleration 
= Ja? +a? = (12)? +(7.2)? =/144451.84 
= /195.84 = 14 m/s? 


Clearly a@=a,cos 0(-i ) +a, sin O(-j ) 


=f. m/s2 


L=m(Fxv) 


S ‘ l A 
L =| cos Oti + (Vv Sint @7)j| 
x| vp cos 07 + (vp sin8 — gr) j | 


Lie l A, 
= MV cos) 1 gt = —Smavot cos 0k 
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dv dv v t 
28, @) G=-25Vv > =-25 dt = =O x [ao = Ate tay 
m m 
; 0 
Integrating, bee v-?dy = -2.5{. dt : 
4%)? y= 20 ev = 2[-(e4-e)) 
> = -2.5|¢]) a 0 me 
*? 16.25 
F : 
=> -2(6.25)2=-2.5t => t=2sec => v= =e [te ad 
26. (a) Total area around fountain = a - A ‘ . 
; A 30. (b) uU=i+2j=u,i +u,j > ucosd=l, usin§ = 2 
A= Tle: = T—— 2 
g° y=xtan0- nee 
y*sin20 v*sin90° v* 2 uy 
[Ro = ——— = —— =] : 
_ : : 2 lather oes sy 
; joe 2G sO 7 2 - . 
7 @ R= g sa 2¢ > Anax at 20 =90 31. (c) Speed on reaching ground v= , ly? +2¢h f 
=ut+ 
ae. ; Now, v=u+ at H| - 
Haax= — 3=10>u =10gx2 5 . 
2g > uo +2gh=-u+ gt [ 
2 . 
sin 20 2 . , -_ 
R= oe SR a Time taken to reach highest point is ¢ = - : 
_10xgx2 u+su? +2¢H 
Rmax = > = 20 meter oe (from question) 
4 
2 = 2 
7 7 on => 2gH=n(n-2)u 
28. (©) a =rw= r({ 2] 32. (b) y,=10t—5t’; y, =40t- St? 
a 1 for y,=—240m,t=8s 
a 7 hh [-. T is same] “ -Yo—y, = 30t for t< 8s. 
for t> 8s, 


29 Given that F)= Fett > m2 = pot | 
: (b) 1ven tha (t)= Foe => dt foe Y> —y, = 240 -40t- 5 at 


Laws of Motion 
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A ll. 5 2. pLa/2 
B 1. F 2. -F 3. T 4. F 
C lL () 2. (a) 3. (b) 4. (a) 5. (a) 
6. (c) 7, (d) 8. (a) 9. (a) 10. (c) 
11. (b) 12. (d) 13. (b) 14. (a) 15. (d) 
16. (c) 
D 1. (b) 2.  (b,d) 3. (b,c) 4. (a) 5. (a,c) 6. (d) 
_ (msina+my,sinB)g _,  mmy g sin(a —B) 
= 2 nen 2. 7 m, COS +m» cosB mm cosa+m) cosB 
£ 
3... PSF a4] 4. 42Kg,9.8N 
5. mesinO, tan-!p 6. 20N,50N 
3 
7. ae 8. (a) —lm/s (b) Ged sec 
9. (b) F=60N;T=18N 
a== mis, f,=15N, f, =30N 
10. 8/2m, 7¥2 m, 2 sec. 11. 10m/s? 
Fl @) 
Gl @ 2. (b) 
HL ©) 2. (b) 
I dl. 5 
Section-B : JEE Main/ AIEEE 
1. (a) 2. (c) 3. (a) 4. (b) 5. (d) 6. (b) 
7.  (b) 8. (c) 9. (a) 10. (d) 11. (d) 12. (d) 
13. (d) 14. (a) 15. (b) 16. (c) 17. (c) 18. (b) 
19. (d) 20. (c) 21. (c) 22. (d) 23. (c) 24. (c) 
25. (a) 26. (d) 27. (d) 28. (c) 29. (b) 30. (d) 
31. (a) 32. (b) 33. (a) 34. (a) 35. (a) 
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A. Fill in the Blanks 
As seen by the observer on the ground, the frictional force 
is responsible to move the mass with an acceleration of 
5 m/s?. 
Therefore, frictional force =m x a=1x5=5N. 
Let A be the area of cross-section of the rod. 
Consider the back half portion of the rod. 


AL 
Mass of half portion of the rod = — 


The force responsible for its acceleration is 


_ PAL , iy aon Se! 
f= 5 x O ie Stress = “7 = 5 


1. 


B. True/ False 


KEY CONCEPT : The rocket moves 
forward when the exhaust gases are 
thrown backward. 

Here exhaust gases thrown backwards 
is action and rocket moving forward 
is reaction. 


Reaction 


Exhaust gases 


Note : This phenomenon takes place 
in the absence of air as well. Metton 

KEY CONCEPT : Friction force opposes the relative motion 
of the surface of contact. 

When a person walks on a rough surface, the foot is the 
surface of contact. When he pushes the foot backward, the 
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motion of surface of contact tends to be backwards. The limiting frictional force 
Therefore the frictional force will act forward (in the direction B 
of motion of the person) f;=U,mg cos @ =0.7 x2 x 9.8 x a 11.8N 
ee & Note : The frictional force is never greater than the force 
A ae di tending to produce relative motion. 
{) f By Therefore the frictional force is 9.8 N 
TOTTTTTTTTTTTTTTT TTT. TOTTTTTTTTTTTTT TTT 3. (b) Limiting frictional force, f,= N= 0.5 x 5=2.5 N. But 
f force 
3. As the angular amplitude of the pendulum is 40°, the bob tending to produce relative 
will be in the mid of the equilibrium position and the extreme motion is the weight (W) of ‘> 
position as shown in the figure the block which is less than 
iy j;. Therefore, the frictional 
Note : For equilibrium of the bob, T— mg cos 20° = -7 , force is equal to the weight, - 


the magnitude of the 
frictional force f has to 5Nn 
balance the weight 0.98 N 
acting downwards. 0.1 x 98 

= 0.98 N= W 


where / is the length of the pendulum and is the velocity of 
the bob. 


T= mg cos 20° + 2 


Therefore the frictional force = 0.98 N. 

4. (a) Sincethe body presses the surface with a force N hence 
according to Newton's third law the surface presses 
the body with a force N. The other force acting on the 


mv* a , 
as is always a positive quantity. 


Hence, 7'> mg cos 20°. 
4. Case(i) Formassm 


T—mg=ma body is its weight mg. 
For mass 2m 
2mg—T=2ma 
mg 
7. For circular motion to take place, a centripetal force is 


required which is provided by (mg + N). 


4° 


mg 2 
Case (i) 2 mg mg F=2mg mg +N= mv 
7 Case (ii) r 
From deer (1) where r is the radius of curvature at the top. 
Case (ii) | ee If the surface is smooth then on applying conservation 
Din eee i: T=2mg] of mechanical energy, the velocity of the body is always 
a’ 8 g 6 6 same at the top most point. Hence, Nand r have inverse 
Hence, a<a’ relationship. From the figure it is clear that risminimum 
for first figure, therefore N will be maximum. 
C. MCQs with ONE Correct Answer Note : If we do not assume the surface to be smooth, 
1. (© F=ma we cannot reach to a conclusion. 
F 5x10 5 5S. (a) KEYCONCEPT: 
+> q=-—=- . “ani te 107° ms~? For the maximum possible value of a, 
m 3x10’ 3 mg sin ot will also be maximum and equal to the frictional 
Also, v? —u? = 2as force, 
5 _Q2= 2x 2x 103 x3 = 102 In this case fis the limiting friction. The two forces 
acting on the insect are mg and N. Let us resolve mg 
=> v=0.1 ms" . intotwo components. —s_ J 
2. (a)_ The force acting on the block along the incline to shift mg cos o balances N. prs me 


the block downwards mg sin « is balanced by 


the frictional force. 
N=mg cos a re 
f=mg sin a 

But f= uN =u mg cos a 


mg mgsino 


; l 
umg cos d=mgsina > cota= — >cota=3 
=mgsin § =2x9.8sin30°=9.8N 7 
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6. (c) Thetension in both strings will be same due to symmetry. The force of friction provides this acceleration. 
[ =| kA 
= =m|—|=— 
fe 2m 2 
10. (c) Insituation 1, the tension 7has to hold both the masses 
2m and m therefore, 
T=3mg 
In situation 2, when the string 1s cut, the mass m is a 
x AA freely falling body and its acceleration due to gravity 
F ilibrium in vertical direction for body B we have ae — 
eer . 7 For mass 2m, just after the string is cut, remains 3mg 
V2 mg = 2T cos® because of the extension of string. 
v2 mg = 2(mg)cos® [' T= mg, (at equilibrium] § _ 
“ 3mg-2mg=2mxa .. Pi 
cos® ~ = Sao 11. (b) Theacceleration of mass m is due to the force T cos 0 
7. @ = Atequilibrium T= Mg igtGeaa iS. we = 0 £50) 
r 
lso, F = 27 sin@ T = i 
= — = : ees 
T i-Mg om ek 2sin9 oD 
male From (i) and (11) F 
i ( F js 0 
F 2sin@) m 
Mg F =(m+M)g FP F ‘é i 
F.B.D. of pulley oes ee ee ee ind: 
F,=(m+M)g 2mtan0 2mJ/2_.2 7 
The resultant force on pulley is > 2 
ee ge eee ee 
tan 0 
f= Fe +7? =[\(m+M)* +M? ]g | | <— x >< 1—> 


8. (a) The forces acting on the block are shown. Since the - F Ke. 
block is not moving forward for the maximum forceF 12. @) p(t) = Alicos(kt) — jsin(At)] 


applied, therefore + ae ; 7 

F cos 60° = f= nN ... (1) (Horizontal Direction) Fa? = ak [—isin (At) — j cos (kt)] 
Note : For maximum force F, the frictional force is the dt 

limiting friction = NV] Here, F.P=0 But F.p=Fpcos0 
and F'sin 60° + mg=N... (ii) 


cos@ =0 => 6 =90°. 
13. (6) For the block to slide, the angle of inclination should 
N be equal to the angle of repose, i.e., 


From (1) and (11) 


tan! i= tan~! J3 = 60°. 

Therefore, option (a) 1s wrong. 

For the block to topple, the condition of the block will 
be as shown in the figure. 


F cos 60° 


Fsin60° 
F cos 60° = p [F sin 60° + mg] 
ee LL 
cos 60° — sin 60° 
5 3x10 5 
= =—=20N 
Iai sxe of 
‘ a ‘ fth ARON nO es ee 
9. (a) Leta be the angular frequency of the system. n =r ee 


The maximum acceleration of the system, For this, @ < 60°. From this we can conclude that the 


k k k block will topple at lesser angle of inclination. Thus 
a= A = (| A = as > NOm the block will remain at rest on the plane up to a certain 
2m anlgle 6 and then it will topple. 


Laws of Motion 


14. (a) As tan @> un, the block has a tendency to move down 
the incline. Therfore a force P is applied upwards along 
the incline. Here, at equilibrium P+ f= mg sin®@ > f= 
mg sin 8 —P 


mg cosO 


mg sinO 


. cosO 
mg sinO Af lan 


Now as P increases, f decreases linearly with respect 
to P. 


When P= mg sin 0, f=0. 

When P is increased further, the block has a tendency 
to move upwards along the incline. 

Therefore the frictional force acts downwards along the 


incline. 
Here, at equilibrium P= f+ mg sin 8 
f =P -mg sin® 


Nowas P increases, fincreases linearly w.r.t P. 
This is represented by graph (a) . 


Here, the horizontal component of tension provides 
the necessary centripetal force. 


- Tsin0= mre 


15. @ 


From (1) and (11) 


r 
Tx x= mo” [-. sin = —] Tos 0 4 


mae 


18 
= — = 36 
05 rad/s 


ae tes = 
- - 
-7 "- 


—— 


= 
a 
~“SsSaneaanawa *™ 


mg 


16. (c) Fora plano convex lens 


T_@-)_i ot ) 
f R vou W) 


Here pt = a = 
aie 5 Ag 2 
Where A = wavelength of light in air 
i =wavelength of light in water 
m 


v=8m R 
V 
Also m=—=-= 
u 
“u=—24 cm. 
From (i 1st (t)iti tt 
con) eg od) a 


.. R=3m_ option (c) 1s correct 


4. (a) 


5. = (a,c) 


p-S-19 
D. MCQs with ONE or MORE THAN ONE Correct 
1. (b) This is a problem based on constraint motion. The 


motion of mass M 1s constraint with the motion of P 
and QO. Let AN = x, NO = z. Then velocity of mass is 


dz dl 
—. Also, let OA =f .then — =U 
at dt 


From AANO, using pythagorous theorem 
e+2= 7 

Here x is a constant. 

Differentiating the above 


equation w.r.t to ¢ - 
dz dl 
0+2z —=2(— => =U 
7 dt dt 2YM 
( UU ( 4 
=> = —[/ =—_ = °° cos8 =— 
“M Z z/fL  cos8 c 


2.  (b,d) Since earth is an accelerated frame and hence, cannot 
be an inertial frame. 
Note : Strictly speaking Earth is accelerated reference 
frame. Earth is treated as a reference frame for practical 
examples and Newton's laws are applicable to it only 
as a limiting case. 

3. (b,c) Since the body is moving 
in a circular path therefore 
it needs centripetal force 


( My? ) 
| 
2 


M 
T- Meg cos = —— 


Mgsind Mg Megcosé 


gsind —sg_—s gcosO 


Also, the tangential acceleration acting on the mass is 
gsing. 

At A the horizontal speeds of both the masses is the 
same. The velocity of O remains the same in horizontal 
as no force 1s acting in the horizontal direction. But in 
case of P as shown at any intermediate position, the 
horizontal velocity first increases (due to N sin@ ), 
reaches a max value at O and then decreases. Thus it 
always remains greater than v. Therefore t, < to: 


The forces are resolved as shown in the figure. 
When 0 = 45°, sin@ = cosO 
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P-S-20 Topic-wise Solved Papers - PHYSICS 
The F.B.D. for mass C is 
fy = wm, + mg )g 
re{e Bt 
fi = w(m, + mg +mc)g 
As Cis moving with constant speed F=f, +f/,+T ... (i) 
F.B.D. for mass B is 
um 4g = fy 
r 
. W(m4+mpg)g = fo 
The block will remain stationary and the frictional As B is moving with constant speed /, +/,=T (u) 
force is zero. Subtracting (ii) from (i) 
Monee upton “ti acts towards O ly CE ae ig EL 
6 @ | => F=f,t2ftfh=u(m,+m,+mo)gt 
2u (m,+ mp) grt HMMs 
F=p(4m,+3mgt+mo)g 
= (0.25 [4x3+3x4+5]x98=71.05N 
2. Without Pseudo Force 
F.B.D for mass m, 
N, cos B= Tsin B + mg ... (0) 
and (N, sin B + Tcos B)=m,f ... (il) 
N, cos B N cos o 
As the bead is moving in the circular path 
2 
*. mgcosQ@-—N a 
R 
mv" 
*. N=mgcos8—-—— (1) 
R Mg mg 
a FBD for mass m, 
By energy conservation, a = mg [R —Rcos 0] N, cosa+ T'sina=m,g SG 
452 and (N, sina—Tcos a)=m,f ... (IV) 
7 - =22 (1 — Cos 0) (2) On solving the four equations, we get the above results. 
M 
From (1) and (2) 3. | From equation (i) T= res —L)a 
N =mgcos0-m|2g -2g cos6] os pas | r (128 _ ; 
N = mgcos80-—2mg + 2mg cos 8 i sie 7 a ae a 
N =3mg cos®—2mg 4. (a) IfM,, M, and M, are considered as a system, then the 
force responsible to more them is M,g and the retarding 
= N=mg(3cos0-2) force is (M,g sin 0+ uM,g cos@ + uM, 2). These two should 
Clearly N is positive (acts radially outwards) when be equal as the system is moving with constant velocity. 
cos0 > 2 5. Let F be the force applied to move the body at an angle @ to 
3 Ri 
; the horizontal. Fsin0 
Similarly, N acts radially inwards if cos@ < — The body will move when 
3 Fcos@ =yN_... (1) 
E. Subjective Problems Applying equilibrium of forces 
1. When force F'1s applied on C, the block C will move towards in the vertical direction we get 
left. Fsin@ +N=mg 
=> N=mg-Fsiné ...(ii) ms 


=> From (i)and (ii) 


ep nl 
~ cos0+ usin @- 


(iii) 


Laws of Motion p-S-21 
Differentiating the above equation w.r.t. 8 , we get In AOCP, OC= CP=R 
AF ZCOP= ZCPO= 60° => ZOCP=60° 
ie +t _|- sin@ + ucos@] = 0 .. AOCP is an equilateral triangle > OP=R 
dQ (cos@+ sin) a a 
> @=tan!y .. Extension of string = R rar x 
This is the angle for minimum force. The forces acting are shown in the figure (1) 
To find the minimum force substituting these values, in The free body diagram ofthe ring 1S Shown in fig. (11) 
equation (111) Force in the tangential direction 
u = F cos 30° + mg cos 30 
sin § = a 0 = 5 = [kx + mg] cos 30° 
uw +1 uw" +1 : iG 
_ Smg eee _ 5v3 
me umg a = 3 f=ma > a Figo 
| +—F xy Also, when the ring is just released 
weal aj el N+ F sin 30° = mg sin 30° 
mg) 1 3mg 
pe mg (Jp? +1) _ umg = N= (mg—F)sin30° = (mg — 28) x4 = 228 
- 2 - bre Mies : 
po +1 Tt +] 8. m= 10~kg, motion is along positive X-axis 
=> F=mgsin0 ais 
6. Let A be the mass per unit length of lower wire. ° F x e 
; m 
Let us consider the dotted portion as a system and the (=0 
tension T accelerates the system upwards K 
_—————— = —2 2. = — 
T-(m +20 =(m+20Da F(x) ma 10° Nm*; Att=0,x=1.0m 
T= (m, +2.0(a+g) eee 
—K 
=(1.9+0.2x0.5)(9.8+0.2)=2*10=20N @) F@)=S7 oF m( =) jee 
To find tension 7 ' Let us consider the dotted portion given s dx 2x 
in figure (2) 


Initially the particle was moving in + X direction at x = 1. 
; When the particle is at x = 0.5, obviously its velocity will be 
Fig. (2) in —X direction. The force acting in —X direction first 
T'-(mgt+rhx2lg+mg)=(m+A2l+m))a decreases the speed of the particle, bring it momentarily at 
rest and then changes the direction of motion of the particle. 


(m,+m,+2A/)g 


T'= (m,+A2l4+m))(a+g) 


=(1.9+0.2 x 1+2.9)(10) =5 x 10=50N. Whenx=0.5m: |7|=- =) 
Alternatively considering m,, m, and lower wire as a system m\0.5 
T’-Sg=Sa : 
7. --|K=-  =-1m/s 
m V107 
K 


N (b) As — =1 m/s, hence from (1) 
Fsin30? m 
sel y dx l-x 
mgsin a. 
z : dt x 
or Note : We have chosen —ve sign because force tends 
Fcog30 mg é : - 
| A to decrease the displacement with time 
“ mgcos30 
f 0.25 t 
OG  . df — a Te as 
Fig (1) tangential Fig (11) ice dx — dt, | —_— dx = I, dt 


p-S-22 


o—_————  ———— )SEOlopic-wise Solved Papers - PHYSICS 
10. 


Put x =sin*9 , dx=2sinQ@ cosQ9 dQ 
1/6 D 

So, | 2sin? @d0 = -t 
m/2 


cos20=1-2sin*®; 2sin2@=1-cos20 


n/6 20 1/6 
| (1—cos 20) d0 = -; 0 —sin = =-t 
m/2 Z t/2 
nm 1 T 
— ——sin———-——sinn =-t 
6 2 3.2 2 
(n 3) 


t= care, Sec. 


sei “aa = 20 kg, m, = 5 kg, M = 50 kg, p = 0.3 and 
= 10 m/s’ 


(A) Free body diagram of mass M 1s 


(B) Themaximum value off, is 


y= (0. 3) (20) 10) = 6ON 

The maximum value of f, is 

(f5) max = (9.3) (5) (10) = {5 N . a 

Forces on m, and m, in horizontal direction are as 
follows : 


remy gf} 


Note : There are only two possibilities. 

(1) Either both m, and m, will remain stationary (w.r-t. 
ground) or (2) both m, and m, will move (w.r.t. 
ground). First case is possible when. 

T< (fy) max OF P< 60 N 

) 

These conditions will be satisfied when T<15 NsayT 

= 14 then, =/, = 14.N. 

Therefore the sonia f, = 2f, will not be satisfied. 

Thus m, and m, both can't remain stationary. 

In the second case, when m, and m, both move 
f,=(f,) max =15N 

Therefore, f, = 2f,=30N 

Note: Since f; < (fy) max» there is no relative motion 

between m, and M, 1.e., all the masses move with same 

acceleration, say 'a' 

Free body diagrams and equations of motion are as 

follows: 


f=30N f=15N 


For m, :30-T=20a ... 0) 
For m,:T—15=5a ... (i) 
For M: F- 30=S50a ... (it) 


Solving these three equations, we get, 


2 
F=60N, T=18 Nanda= as 


11. 
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Nes 
‘ “es N = mgcos0@ 
“Ne 
6 a 
mgcos0 mgsinO 


mg 


_ mgsin 0 —L,mg cos 


m 
a,=gsnO—-p,,gZcos@ — ...(i) 


and ag=gsin@—-pH,,gcos@ _ ...(i) 
Putting values we get 


a,= 4/2 m/s? and ag= 3.5V2 m/s” 


Let a,j, 1s relative acceleration of A w.r.t. B. Then 


a4p 44— 4p 


= /2m 


[where L is the relative distance between 4 and B] 


I 2 
Then L= 5 4B! 


2L 21 


A4B 44—a4B 


Putting values we get, (7 = 4 or t= 2s. 
Distance moved by B during that time is given by 


—— 


1 
5 apt = 5x3.5V2x4= 72m 


Similarly for A= 8/2 m. 
Applying pseudo force ma and resolving it. 
Applying F’. - a, 


(d) 


ma Cos § — _(f, +f) =ma, 
ma cos 8 — LN, —pN, = ma 
ma cos®@ — wma sin@ —umg=ma, 
a,=acos® —pa sin — pg 
eg Ave’ = sip tone 
5 5 5 5 
F. Match the Following 


If(m, + m,) sin 0 < LN, the bodies will be at rest 
1.e., (m, + m,)g sin 8 < um, g cos 0 


Laws of Motion ———______ 


=> tan@<0.2 

1.¢., Ifthe angle 6 < 11.5° the frictional force is less than 
uN, =pm,g=0.3x2 x g=0.6¢2 

and is equal to (m, + m,)g sin 0 

At 8 = 11.5° the bodies are on the verge of moving, 

f=0.6¢2 

At 8>11.5° the bodies start moving and f= 0.6 g 

The above relationship is true for (d). 


G. Comprehension Based Questions 


Force on the block along slat=m ra?=m v% 
r 
R? dr 
.. [vav- [ ord > V= of? -® anes 
R 4 dt 
Y 
: t 
e- f ——=foat 
| R? 
RY, Pa bd 
4 


On solving we get 


r+,{/r —-— =— 
2 
2 2 
or r- RO _R omy 2 =) —¢™ 
4 4 
R wt —wt 
r=—(e™+e 
a ) 
F =F,+2m (v,, i) xwk+m( wiexri) xwk 


“mre j = E,+2m Vu0{=3]+ mo’ri 


Fi, mrV of @ J —(i) 
Re wt —wt 
Butr=—|e“ +e 
utr 4 f ] 
dr R - fe = 


P-S-23 
From (1) and (11) 


~2(e" —-e™ oj 

- oC 2 
2 

> mRw’ 


wt 
Fest > ( e 


2 


E =2m 


—e™ ) i+ mg K 


H. Assertion & Reason Type Questions 


(b) Statement 1 : Cloth can be pulled out without 
dislodging the dishes from the table because of inertia. 
Therefore, statement — 1 1s true. 

Statement 2 : This is Newton's third law and hence 
true. But statement 2 1s not a correct explanation of 
statement 1. 

(b) It is easier to pull a heavy object than to push it on a 
level ground. Statement-1 is true. This is because the 
normal reaction in the case of pulling is less as compared 
by pushing. (f= uN). Therefore the frictional force 1s 
small in case of pulling. 
statement-2 is true but is not the correct explanation of 
statement-1. 


Il. Integer Value Correct Type 


The pushing force F’, = mg sin0 + f 
. F) = mg sin 8 + umg cos 8 = mg (sin 8 + cos 8) 
The force required to just prevent it from sliding down 
F, = mg sin 0 — uN = mg (sin 0 — 1 cos 8) 
Given, F =3F, 
sin 8 + pcos 8 = 3(sin 8 — cos 6 ) 


1+py=3(1-p) [-. sin @=cos 60 ] 
4u=2 . pw=0.5 
N=10u=5 


: Section-B 


(a) 


2. (ce) 


W=AK=FS 


On dividing 
i/4 = §/3 
3/4 
“. S=lcm 
¢ For the man standing in the left, the acceleration 
of the ball 


Abm = Ab — An > Ay, = 8 — a 


3. 


Where 'a' is the acceleration of the mass (because 
the acceleration of the lift is ‘a’ ) 
¢ For the man standing on the ground, the 
acceleration of the ball 
Anm = 4p —Am > Ay, = &—-O=8 
(a) When FP, , F, and F, are acting on a particle then the 
particle remains stationary. This means that the 
resultant of F, F, and F 1s zero. When F, is removed, 
F, and F, will remain. But the resultant of F, and F, 


should be equal and opposite to F;. Le. | F; + P, [= [Fy | 


Poaek fh 
_ | Blk xe goal 
mM 


p-S-24 

4. (b) 
S. @ 
6. (bd) 
7. (0) 


o—_————  —  ——— )SEOlopic-wise Solved Papers - PHYSICS 
Let the two forces be F, and F, and let F,<F,.Risthe 9. (a) For the bag accelerating down 


GP_3481 


resultant force. mg—T=ma 
Given Ff, + F,=18 (1) “. T=m(g-a) 
From the figure F7 + R? = F? 49 
oo. =— (10-5) =24.5N 
Boy SR 10 
F? -F} =144 ii) 


Only option (b) follows equation (1) and (11). 
10. @) Asshown in the figure, the three forces are represented 
by the sides of a triangle taken in the same order. 


Therefore the resultant force is zero. Fyjey = ma. 
Therefore acceleration is also zero ie velocity remains 


unchanged. 
AK =FS 11. @)_ For the block to remain stationary with the wall 
f=Ww .. uN=W 
5m =F XS, ...(i) J-UN 
1 " 
ra aad: = FS, (11) 
Dividing (i) and (11), 
W 
ur dap 0.2x10-W3w-=2N 
l6u2 2asy 7 16 sy 12. @ u=6ms, v=0,t=10s, 
For mass m, f _ —yumg 
mg—L=ma m m Pe ‘ 
For mass m, v=urtat 
I-m,g=m,a 0=6-10pn x 10 
“. b=0.06 
Adding the equations we get ; 13. () Taking the rope and a block as a system 
a 
=> 
gq — m= 2)8 M an 
=m = 
“1 | t P=(m+Ma_ --a= Z 
we get P=(m a a= 
1m oc oh cage ela 2g lames 6 m+M 
8m m2 my mM) 
m, Taking the block as a system, we get T= Ma 
MP 
10.2 9) oa 
F= (m+m+m)xa a =—m/s m+M 
6 14, (a) The Earth pulls the block by a force 
10.2 Mg. The block in turn exerts a force 


. [y= ma =2x a = 3.4N Mg on the spring of spring balance 


S, which therefore shows a reading 
of Mkef. 


The spring S, is massless. Therefore 
it exerts a force of Mg on the spring 
of spring balance S$, which shows 
the reading of M kgf. Thrust (F) 


m/s 
m 60 
‘4 . 
15. (b) As shown in the figure F— mg = ma 

be . F=m(gta) 
: = 3.5 x 104( 10+10) ha 

=7x 105N 

mg 


mg 


Laws of Motion ———_____ Se 


16. (c) Acceleration a = ame) 
m +m) 
(5+ 4.8) 
17. (c) 
mg sin@ = f, ( for body to be at rest) 
=> mx10xsin30° = 10 
>mx5=10> m=2.0 kg 
18. (b) gsin9—pgcos@ 
smooth rough 
When surface is When surface is 
smooth rough 
| ; a) I 2 
=  \esin O)ty d=T(s sin 8 — pg cos 9) f5 
| 2d 2d 
t= —> S =. __xz 
gsin®O gsin8—ugcos@ 
According to question, f, = nt, 
; 2d 2d 
gsin®O gsin8—ugcos8 
| 1 
n= ign . cos 45° = sin 45° = +] 
) | 1 l 
n” = or l-p, = = or uw, =1-—> 
lu, ary: k 2 
19. @) The velocity of parachutist when parachute opens 1s 
u= J2gh =J2x9.8x50 = 980 ] 
The velocity at ground, v = 3m/s 50m 
y-y2 37-980 u 
° = = aw) a 2 
a) 0) _4 243 m 7 a=-—2m/s 
Initially he has fallen 50 m. 
.. Total height from where Safes 
he bailed out = 243 + 50= 293m pore 
20. (c) LetK bethe initial kinetic energy and F be the resistive 


force. Then according to work-energy theorem, 
W=AK 


| [.0vy 
ie, 3F =—mv" -4m{2) (1) 
2 Z 2 


For BtoC: 


p-S-25 


x | 
Dividing eqns. (1) and (2) we get 3 = 3 
or x=1cm 
Force experienced by the particle, F = mw?R 
iA 
Fy R> 
According to work-energy theorem, W= AK =0 
(Since initial and final speeds are zero) 
Workdone by friction + Work done by gravity = 0 


21. (c) 
22. (d) 


£ 
Le., —(u mg cos as mglsind = 0 


or 5 cos = sing or u=2tando 


23. (c) Mass(m)=0.3kg > F=m.a=15x 


a=- eis ea eGs a=50x0.2= 10m/s? 
0.3 3 


24. (c) Fromdiagram, 


(pseudo 
force) 


5 
mg COS 
+masinaMg any, 


For block to remain stationary, 


mg sina 


mg sina = macosa>a= gtana 


25. (a) ve-u*=2as or (0% -y? = 2(-U,2)S 


1002 =2x-2x10xs => s=1000m 


26. (d) Work done by tension + Work done by force (applied) 
+ Work done by gravitational force = change in kinetic 
energy 

Work done by tension is zero 


> 0+F x AB-Mgx AC=0 
l 


AC ‘ae 


| 
= ron 42) aug] 2 


AB a 
ApS 


Pap rsinasee 


J2 


and AC = OC-OA= ¢—C0os4se = ¢(1-+] 


J2 


where ¢ = length of the string. | 


= F = Me(J2-1) 
W rand oe Wan =AK 


— F(0.2)—(0.2)(10)(2.2) =0 => F =22 N 


28. «) pa MOU=¥ _ 9150-20) 
0.1 


29. (b) For block A tomove in SHM. 


27. @ 


=30N 


X 
mg { mean 
‘ position 


P-S-26 o—_——————— — )SEopic-wise Solved Papers - PHYSICS 


mg —N=moyrx ‘ Coefficient of friction n= 0.5 
where x 1s the distance from mean position 


For block to leave contact N= 0 05a x? 
ee PO ie ce 3 
=> mg = mo?x > x == 
Oy) — a a 1 
30. @) Drawing free body-diagrams for m & M, a3 
x 
M Now, DER ele 


mM 
[prover] be 


f hh 
a i 
7 Fra 34. (a) _F di ge 
F 
a a 
Mm 
‘ Mg 20N f 


100N 


t T= dF-T=M 
we ge ma an - Assuming both the blocks are stationary 


where 7 is force due to spring 


=> F-ma=Ma or,F=Ma+ma N=F 
F f,=20N 
a= . = = 
vee f,=100+20=120N 
Now, force acting on the block of mass m is , 
7 [ F fs mF 
ma=m Wah tM 


31. (a) mgsnO=ma ..a=gsin0 
where a is along the inclined plane 
‘, vertical component of acceleration is g sin? 0 
.”. relative vertical acceleration of A with respect to B is 
120N 


g(sin” 60 —sin” 30] = 5 =49 m/s? in vertical Considering the two blocks as one system and due to 
equilibrium f= 120N 


i oes 35. (a) Lossin P.E. = Work done against friction from p > Q 
ee ok = + work done against friction from Q>R 
Accelerationa=Ra _...()) 
and mg—T =ma . ii) mgh = p(mgcos8) PQ + umg (QR) 
From equation (1) and (11) h= pcos 8 x PQ+ W(QR) 
_ _ tas _ v3 2 
1 R= mReo= mre £) 2=ux ae sin 30° + Ux 
or T=ma 
=> mg—ma=ma 2= 2,/3 H+ px --- (1) 
exS. 2 
= 5 [sin 30°= 56] 
33. (a) At limiting equilibrium, yp =tand 
Pe: Also work done P > Q= work done QR 
tand=y= peal (from question) 
dy 2 “2/3 W=UX 
*. x=3.5m 


From (i)2= 2/3 w+ 2/3 w= 43 u 


2 


M= hh 2x1.732 = 9? 
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Work, Energy and Power 


Section-A : JEE Advanced/ IIT-JEE 


Ee tt. zZ. {(c} 3. (b) 4. (b) 5. (Cc) 6. (d) 
7.  (b) 8. (b) 9. (b) 10. (c) 11. (c) 12. (b) 
13. {c) 14. (d) 15. (6) 
DL ff Zz. {d) 3. (c;d) 4. (c) 5. @) 6. (a,b) 
EK 1. Lessthan 2. 3times 3. 25% 
No 3. Vc = 28(V— MX) 3 Ve = /28(y—- BX) 
6. 10kg,0.098J 7. 424m 8. 3.29 m/s 9, 4 
10. 0.84; 15.02kg 
ll. (a) N,=mg (3cos0 —2) 
(b) For 6< cos | (=), Nz =9, Ny =mg(3cos8— 2) 
ite 
For @>cos (=); 4=0, Ng = mg(2—300s6) 
F 1. (A)p.q,1, t; (B)q, s;(C) p,q, 1s; (D)p, 5 t 
G 1. (b) Zz ib) 3. {(c) 4. (a) 5.  (b) 
H 1. (¢) 
I Ll 8 2. 4m/s 3. 4 4. 5 5. 5 
Section-B : JEE Main/ AIEEE 
I. {c) 2. (d) 3. (db) 4. (b) 5. (c) 6.  (b) 7; {d) 8. (b) 
9. (a) 10. (b) 11. (b) 12. (b) 13. (b) 14. (a) 15. (b) 16. (d) 
17., (¢) 18. (c) 19. (a) 20. (c) 21. (b) 
Bee JEE €dvanced/ lIT-JEE 
C. MCQs with ONE Correct Answer I 
Qs wi w m =m _ Sere _@ 
i Aiccuavigsienie _ Output work ore d a 
- 6) echanical efficiency = iaputcnerey ences => KE = a ret° > ae =mk*r*t 
The output work will increase because the friction => Power=mk’r't 
becomes less. Thus the mechanical efficiencyincreases. 4. (b) KEY CONCEPT 
) The force constant ofa spring is inversely proportional 
2 © KE tothe length ofthe spring. | 
2m Let the original length of spring be Z and spring 
a) constant is K (given) 
E=E odie a Therefore, 
1=*2 
Ae 2L 3 
; a er Se aay 
Pim Py jm ofl 1 
pm Py im «N42 dm\_ d d 
P2 2 2 2 5. () F= ({*) = y—(p x Volume) = vp —( Volume) 
3. (b) Thecentripetal acceleration dt dt dt 


y- 
a,=k rt > —=k*rt? 
r 


= vp x (Av) =Apv’ 
Power = Force x Velocity = Apv? x v= Apv° 
> Pey 


P-S-28 
6 @ 
7. (db) 
8.  (b) 
9, (b) 
10. (c) 
11. (c) 


2k 
U=0atx=0Oandatx= ae => we have potential 


energy zero twice (out of which one is at origin). 
Also, when we put x = 0 in the given function, 


dU 
we get f= 0. But F= —-— 


dx 
dU 
> Atx=0; a 0 i.e. the slope of the graph 
should be zero. These characteristics are represented 
by (d). 


The above situation can also be looked upon as the 
decrease in the gravitational potential energy of spring 
mass system 1s equal to the gain in spring elastic 
potential energy. 


= u ip x= 2Mg 
2 : k 
Note : In a conservative field work done does not 
depend on the path. The gravitational field is a 
conservative field. 
W =W,=W, 
We know that AU =— W for conservative forces 


AU= [Fas or AU= [xs 


hex 

= Uy-Ug= > 
) - ke? 
Given Uo) =9 UG = ae 


When the block B is displaced towards wall 1, only 
spring S| is compressed and S, is in its natural state. 
This happens because the other end of S, is not attached 
to the wall but is free. Therefore the energy stored in 


1 
the system = 5 k, x? . When the block is released, it will 


come back to the equilibrium position, gain momentum, 
overshoot to equilibrium position and move towards 
wall 2. As this happens, the spring S, comes to its natural 
length and S, gets compressed. As there are no frictional 
forces involved, the P.E. stored in the spring S, gets 
stored as the P.E. of spring S, when the block B reaches 
its extreme position after compressing S, by y. 


1 1 
Mee 5M v=s sy 
1 1 y | 
5 yh x Ay rae 


Let the radius of the circle be r. Then the two distance 
travelled by the two particles before first collision is 


2nr. Therefore 


12. 


13. 


(b) 


(c) 
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A 
2vxt+tvxt=2nr v 2v 


where f¢ is the time taken 
for first collision to occur. 


2mr 
t = —— 
3v 
Distance travelled by particle with velocity v 1s 
2mr 2nr 
equal to yx ——- =—_. 
3v 3 


Therefore the collision occurs at B. 


As the collision is elastic and the particles have equal 
masses, the velocities will interchange as shown in the 
figure. According to the same reasoning as above, the 
2nd collision will take place at C and the velocities will 
again interchange. 

With the same reasoning the 3" collision will occur at 
the point A. Thus there will be two elastic collisions 
before the particles again reach at A. 

The forces acting on the bead as seen by the observer 
in the accelerated frame are : (a) N ; (b) mg ; (c) ma 
(pseudo force). 

Let 6 is the angle which the tangent at P makes with the 
X- axis. As the bead is in equilibrium with respect to the 
wire, therefore 

N sin 8@= ma and N cos 0 = mg 


6=—...(1 
tan ool 

§ W) 
But y=k x2. Therefore, 


d 
ss =2kx =tan®0 _.. (11) ma 
From (1) & (il) 


2kx = o> x= a 
g 2kg 
Area under F— t graph gives the impulse or the change 
in the linear momentum of the body. As the initial 
velocity (and therefore the initial linear momentum) of 
the body is zero, the area under F — ¢ graph gives the 
final linear momentum of the body. 
Area of A AOB F(t) 


= eT ere 
2 
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”. Area of ABCD = =-|5x1.5x2| =-1.5N-s 


”. The final linear momentum = 6— 1.5 = 4.5 N-s 


2 2 
4. 
.. Kinetic energy of the block = Es 2 = 5.06J 
2m 2x2 
14. @)_ Let usconsider a point on the circle 


2 


The equation of circle is x + y* =a 
The force is 


- X1 
F=K| ———— 7 + 
Pee (x? 


= yf xt | ow 
f= (a uy med 


The force acts radially outwards as shown in the figure 
and the displacement 1s tangential to the circular path. 
Therefore the angle between the force and displacement 
is 90° and W=0 

option (d) is correct. 

2 


I 
15. ) KE==mv 


a 2d 2 
5 = 5 m|u + at] = 5 m|0+ gt] 


. KE = Smee 1 KE&et (1) 

First the kinetic energy will increase as per eq (1). As 
the balls touches the ground it starts deforming and 
loses its K.E. (K.E. converting into elastic potential 
energy). When the deformation is maximum, K.E. = 0. 
The ball then again regain its shape when its elastic 
potential energy changes into K.E. As the ball moves 
up it loses K.E. and gain gravitational potential energy. 
These characteristics are according to graph (b). 


D. MCQs with ONE or MORE THAN ONE Correct 


1 
— my" 


= constt 


1 () P= = = constt 
: ds 
=> —= constt(k) .. v=kt!* and ie ig\!2 


or, ds=kt!'* dt 
By integrating, we get 


3/2 
2kt 
= 2c > 5e7" 


S 


2. () Thehanging part of the chain which is to be pulled up 
can be considered as a point mass situated at the centre 
of the hanging part. The equivalent diagram is drawn. 
Note : The work done in bringing the mass up will be 
equal to the change in potential energy of the mass. 
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4 tL = distance of the centre 
Ye from top of the table. 


W = Change in potential energy 


Mk 
Re Bee ee a 


(c,d)When the force is perpendicular to the velocity and 
constant in magnitude then the force acts as a centripetal 
force, and the body moves in a circular path. The force 
is constant in magnitude, this show the speed is not 
changing and hence kinetic energy will remain constant. 

v 


y 
y 


Note : The velocity changes continuously due to 
change in the direction. The acceleration also changes 
continuously due to change in direction. 

(c) The expression of work done by the variable force F on 
the particle is given by 


w= | Fdt 
In going from (0, 0) to (a, 0), the coordinate of x varies 
from 0 to 'a', while that of y remains zero. Hence, the 
work done along this path is : 
a A A ALA 
— —iK ay c= f= 0 
W, J, ¢ xj).dxi=0 [~ j.2=0] 


In going from (a, 0) to (a, a) the coordinate of x remains 
constant (= a) while that of y changes from 0 to ‘a’. 
Hence, the work done along this path is 


q a “ ? 2 
W, = I, [((-—K(yi+a/).dy j]= kal dy = —Ka 


i- a) 
“Ty . 


O dx (a, 0) Xx 


Hence, W= W, + W, =-ka? 

(d) Applying the principle of conservation of energy 
(K.E.) y+ (P.E.)p=(K.E.) + (PE.) ,, 
we get 


r 


I 
—mv? + mgL = ile 
Zz 2 
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, 
Hence, v= Vu -2gL ... (i) 


ve tu? 


Change in velocity = | v—u |= 
=\2u*-g0) [From@) by 

(a, b) At point A, potential energy of the ball = mgh, 

At point B, potential energy of the ball = 0 

At point C, potential energy of the ball = mgh, 

Total energy at point A, E, =K, +mgh, 

Total energy at point B, E,=K, 

Total energy at point C, E.=K,.+mgh, 

According to the law of conservation of energy. 

E,=E,=E¢ .-- (i) 

E,=Eg>EG>Ke ©...) 


A -C 
K, +mgh, =K, + mgho 


or, ha —hce = Aor ..(ill) 
mg 
=> ha >he;Kce > Ka ...{V) 


Option (b) is correct 


From (1),(11) and (iv), we geth > h,; K, > K,.Option (a) is 
correct. 


E. Subjective Problems 


2 
K.E. = = For equal value of p, K.E. « 
m 


KEY CONCEPT 

For a spring, (spring constant) x (length) = Constant 

If length is made one third, the spring constant becomes 
three times. 

Let v be the velocity of bullet before striking A. Applying 
conservation of linear momentum for the system of bullet 
and plate A, we get 

0.02v=0.02 v, +1 xv, 


mass 


Again applying conservation of linear momentum for 
collision at B. 
0.02 v, = (2.98 + 0.02) v, = 3v, 


0.02 v, vs 
> V= 3 ... (il) 
From (i) and (ii) 
0.02, 4 
0.02v=0.02¥,+ 1 v= y= >= 
3 3 Vy 3 
Lie ied Oy Pe avy ee ad OY 
v 4 v 4 4 
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l 
% loss in velocity = a x 100 = 25% 


No. An external force, the gravitational pull ofearth, 1s acting 
on the ball which is responsible for the change in momentum. 
(a) K.E. at C=Loss in PE. — Work done by friction. 


1 
=mv, = mg y—umgcos®x AC 


= &Y — H&x 


v= ¥28(y- Hy) B 


K.E. at F= loss in P.E. — Work done by friction 


e 


| 
a = mgy — umg cosa DG —- umg cosB GF 


1 GM FN 
= F = 8-8 _x DG pg —_x GF 


2 DG G 
=v = gy—ug(GM + FN) 
vp= V28(y — BX) 
D 
i G 
i 
E N F 


Note : The result does not depend on the angles o and B. It 
only depends on the values of x and y. 

Since the two blocks A and B are moving with constant 
velocity, therefore, the net force acting on A 1s zero 

and the net force acting on un > 

B will be zero. Since the 
spring is loaded, it will be 
in a deformed state. Let the 
extension of the spring be 
x, 


The forces are drawn. 


M.§ 
Note : There will be no friction force between block A and C 

f = uN. Here there is no normal reaction on A 
(because A is not pushing C) 
Applying F’,., = ma on A, we get 

m ,g—-T=m,~x0 

T= mg (I) 
Applying F’,., = ma on B, we get 

T—f=m, 0 

T=f= uN 

= UM pg ... (i) 
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From (1) and (11) 
my, _ 2 _ 
Un,» =m gf > eG age me 


Here the force acting on the spring 1s the tension (equal to 
restoring force) 


T= kx oo 
XE 
19.6 
re [-.: T=2 x9.8=19.6N from (i)] 
The PE. stored in spring is given by 
pain? aby hy 195,19 
2 2 k k 
_ 19.6 x 19.6 0.098) 
2 x 1960 


K.E. of block = work against friction + P.-E. of spring 


Noes lo 
5 mv = pw, mg (2.14+x)+ 5 


1 1 
5 % 05% 3?=0.2 x0.5x9.8(2.14+x)+ 5 2x2? 


2.144+x+3x7=2.25 
x*+x-0.11=0 


10 
Here the body stops momentarily. 
Restoring force at Y= kx =2 x0.1=0.2N 
Frictional force at Y= p, mg=0.22 x 0.5 x 9.8 = 1.078 N 
Since frictional force > restoring force, the body will stop here. 
The total distance travelled 
= AB+ BD+ DY=24+2.14+0.1=4.24m. 


. 1] I , 
On solving, we get x =— io to 0.1 (valid answer) 


Y 

When mass m 1s released, since / > m, the mass M will 
move on a dotted path with O as the centre. There will be 
decrease in the potential energy of M which will be converted 
into kinetic energy of M, and increase in potential energy 
of m. 

Decrease in PE. of Mis Mgh 

=2x98x1=19.6J 


1 
KE. of M= 5 MV 


(Let V be the velocity attained , 
by M just before striking the 
wall) 


I 9 
K.E. of m= a 
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From the figure, by velocity constraint 
v=Vcos0 


From AOAC. O s A 
2 
cos@ = V5 | 
V5 
_ 2 


V= 
V5 C 


(OC + CA)— OA = height attained by m 
1+27 +17 —2= height attained by m= V5-1 


.. Increasein PE. of m=mgh'=0.5 x 9.8 ( J5-1 ) 
NOTE THIS STEP 
By the principle of energy conservation 


l l 
Mgh= SMV" + mv" +mgh' 
Dee 2 ; 
=r gee +mgh 
2 
962" Ly 4 0s 
2 2 


On solving, we get V=3.29 m/s 
The pendulum bob is left from position 4. When it 1s at 
position C, the angular amplitude is 60°. 

In AOCM 


+0.5x9.8(V5-1) 


The velocity of bob at B, 
V, before first collision is 


l 
mgl=— mvp = Vp= 2g 


Let after n collisions, the angular amplitude is 60° when the 
bob again moves towards the wall from C, the velocity v', 
before collision is 


mg - = =v" > Vp= Jel 
This means that the velocity of the bob should reduce from 
2g to Jgt due to collisions with walls. 

The final velocity after n collisions is Jee 


e"(/2g¢) = Jee 


where é is coefficient of restitution. 


A) ae = (33-4 


Taking log on both sides we get 


2 l 
n log (=) = os => n=3.1 


Therefore, number of collisions will be 4. 


10. FromAtoB. 


u=10m/s (given) 


- -| mesnees sind+ f ]=-[meseotumscose 
m m 
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11. 


=—[gsin@ +pgcose@ ]=-—g[sin® + pucosé | 

=—10[0.05+0.25 x 0.99] =— 2.99 m/s? 

v=? 

s=6m 

v*—u*=2as > v?=100+2 (-2.99) x 6 > v=8 m/s 
= The velocity of mass m just before collision is 8 m/s. 
The velocity of mass just before collision is 0 m/s (given). 
AFTER COLLISION 
Let v, be the velocity of mass m after collision and v, be the 
velocity of mass M after collision. Body of mass M moving 
from B to C and coming to rest. 

U=V, 

v=0 

a=—2.99 m/s? 
(same as of previous case because all other things are same 
except mass. a is independent of mass) s = 0.5 


v—u2 =2as => (0)? — vs =2 (-2.99) x 0.5 


=> v,=1.73 m/s 
Body of mass m moving from B to A after collision 


sin 8 = — 
6 
h=6sin § =6~x 0.05 
u=Vv, 
v=+1m/s 
(KE.+PE.), 4) =(K-E.+ PE). t+ Weiction 


| l 
= mvp + mgh =5mv" + 0+ umes 


= +10x(6x 0.05) = =( +0.25x10x6 


Vi==) m/s 
Coefficient of restitution 


Re lative velocity of separation 


Re lative velocity of approach 


| a 


8-0 
On applying conservation of linear momentum before and 


after collision, we get 
2x8+Mx0Q=2x(-5)+M(1.73) 


2% 
_ © _15 09k 
M= 773 S 


The ball is moving in a circular motion. The necessary 
centripetal force is provided by (mg cos 8 — N). Therefore, 
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mv 
mg sin8—N ,= 7 
(e+ 


According to energy 
conservation 


sm = mg (e+) (1—cos@)_ ... (i) 


From (1) and (11) 
N,= mg (3 cos®@ — 2) ... (il) 
The above equation shows that as @ increases N , decreases. 
Ata particular value of 6 , NV, will become zero and the ball 
will lose contact with sphere A. This condition can be found 
by putting NV, = 0 in eq. (iil) 
0=mg (3 cos@—2) .. 0=cos"! (2) 
The graph between NV, and cos 6 
From equation (111) when 6 =0, V,=meg. 

Ny N B 


-| +] 


cos0 
= —] 2 : = 
When 6 =cos 3 >N,=0 
The graph 1s a straight line as shown. 
= | 2 mv" 
when @> cos "| =|; Nz,—(mgcos@ )= 7 
3 R+— > 
2 
mv 
=> Nzgtmgcos® = (+2) ... (IV) 
R+ > 


Using energy conservation 


aie = mg [e+ 2) -(r+4| cos® 
2 2 2 


mv? 
7x = 2mg [1—cos6é | ... (V) 
d 
(+5) 
2 
From (iv) and (v), we get 
Nz+mgcos® = 2mg—2mg cos® 
Np=mg (2-3 cos® ) 
2 
When _cos@ = 37 NB =0 


When cos@ =—1,N,=5 mg 
Therefore the graph is as shown. 
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1. 


F. Match the Following 
A—p,q,r,t; Bog,s; C>p,gq,r,s; D—p,r,t 
For A 


= = (x-—a)x(x+a) 
a 


2. (d) 
3. (ce) 
dU 
ForC /f,=— =U) : 3 x(x-—a)(x+a) 
dx a 
dU Uo 
For D F,. = -— =-—~[(x-a)(x+a 
ra a5 gle ae+ a) 
G. Comprehension Based Questions 
(b) As the inclined plane is frictionless, 
TheK.E.at B=PE. at A 
l 
=mv" =mgh > y= J2gh 
1" 
h 
4. (a) 


</3m ><— 3,3 mn > 


h 
In A ADB, tan 60° = —= 
3 
“h=3m 


v= J6g = 60 m/s 


This is the velocity of the block just before collision. 
This velocity makes an angle of 30° with the vertical. 


2 
.”. N=mgcos 60° + — ey or 


P-S-33 


Also in right angled triangle BEC, ZEBC= 60°. 
Therefore v makes an angle of 30° with the second 
inclined plane BC. The component of v along BC is v 
cos 30°. 

It is given that the collision at B is perfectly inelastic 
therefore the impact forces act normal to the plane such 
that the vertical component of velocity becomes zero. 
The component of velocity along the incline BC 
remains unchanged and is equal to v cos 30° 


= (xB - 180 _ 45 m/s 


4 
In ABCE, t 30° = 22 es BR 
n , tan CE 3 313 


Applying mechanical energy conservation . 
Mechanical energy at B = Mechanical energy at C 
2 
~ Mt (W453) +Mx10x3 = 1 iy 
2 2 
45+60=y.2 v= 105 m/s 
The velocity of the block along BC just before collision 
is v cos 30°. The impact forces act perpendicular to the 


surface so the component of velocity along the incline 
remains unchanged. 


_ Just after collision — 
Also since the collision is elastic, the vertical 


component of velocity (v sin 30°) before collision 
changes in direction, the magnitude remaining the same 
as shown in the figure. So the rectangular components 
of velocity after collision are as shown in the figure. 
This means that the final velocity of the block should 
be horizontal making an angle 30° with BC. Therefore 
the vertical component of the final velocity of the block 
1S Zero. 


“neg oo 
140 sin 30" 7 


mv 
N—mg cos 60° = —— | 740m 
r 


_ 


mg cos 60° mg 
Loss in P.E. = mg x 40 sin 30° = 200 J 
Work done in over coming friction = 150 J 
K.E. possessed by the particle = 50 J 
ls mv” =50J 
2 


mv2=100J (2) 


p-S-34 
1 100 
From (1) and (2), N=1 x 10 x > - 40 =5+2.5=7.5N 
(a) is the correct option. 
5. (b) From(2),mv*=100 v=10ms! 


1. 


(b) is the correct option. 


H. Assertion & Reason Type Questions 


(c) Statement 1 : In the first case the mechanical energy is 
completely converted into heat becuase of fiction. While 
is second case, a part of mechanical energy is 
converted into heat due to fiction but another part of 
mechanical energy is retained in the form of potential 
energy of the block. 

Therefore statement 1 1s correct. 

Statement 2 : This is a wrong statement because the 
coefficient of friction between the block and the surface 
does not depend on the angle of inclination. 


I. Integer Value Correct Type 


8 Givenm=0.36kg, M=0.72 kg. 
The figure shows the forces on m and 
M. When the system 1s released, let 
the acceleration be a. Then 


and T= 4 mg/3 
For block m: 
u=0,a=2/3,t=1,s=? 


Mg 
1 1 bad 9) 
=ut+ —at?=0+ —x2xl° =¢/6 
S=u 54 a g 
Work done by the string on m is 
Pea Ts 4h y & — 4% 936%10x10 _ o 
3 6 3x6 


4 The velocity of B just after collision with A is 


(mp —-m4)up 
mMptrmy 


Ls B 


2m 4u 4 
VRB == 
m4 + Mp 
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_ 0+2mx9 
m+2m 


= 6m/s 


The collision between B and C is completely inelastic. 
MpVzg=(mptm,)v 
6x 2m 
ne 


= = 4m/s. 
2n+m 


4 


Let v be the speed of the block just after impulse. At B, the 
block comes to rest. Therefore 


Loss in K.E. of the block = Gain in PE. of the spring 
+ Work done against friction 


y= 1 x 0.06 x 0.06+ 0.1x10x 0.06 
4 ma 
“VETO N= 


5 HereAK.E.=W=Pxt 


2_Pxt 


2Pt [2x0.5x5 _| 
— = ,/————_ = 5ms 
m 0.2 


5 Work done = Increase in potential energy 


| 
“mv 
2 


+ gain in kinetic energy 
Fx d=mgh-+ gain in K.E. 
18x5=1x10x4+ gain in K.E. 
. Gain in K.E.=50J=10n 


Bi Section-B 


1 


(c) Kinetic energy of a system of particle is zero only when 
the speed of each particles is zero. And if speed of each 
particle is zero, the linear momentum of the system of 
particle has to be zero. 

Also the linear momentum of the system may be zero 
even when the particles are moving. This 1s because 
linear momentum 1s a vector quantity. In this case the 
kinetic energy of the system of particles will not be zero. 


.. Adoes not imply B but B implies A. 
(d) The elastic potential energy 


1 l 
= 5) x Force x extension = 1 x 200 x 0.001 = 0.1 J 


3. () k=5x10° N/m 


W =e x3 x2) = 5 x5x10° | (0.1)? -(0.05)*| 
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x 0.15 x 0.05 =18.75 Nm 


4. (b) Weknowthat Fx v=Power 
' Fxv=c_ wherec=constant 


_ 5000 
2 


dv [ acid 
“.M—XV=C “FF =ma=— 
dt dt 
v t ; 
* m| vdv = c{ dt —mv =ct 
0 0 
es ~ 1/2 
ee aan where vy = — 
dt 


= ee 


5. (c) Given: retardation « displacement 
vdv 2 r 
But a=” “eho |v dv= Kk] xd 
dx YW 0 
ee ae ae 
(v3 | k 5 
9) 9) 1 =o 
> m( v3 Vj ‘mi 7 | 
. Loss in kinetic energy, .. AK ox? 


Mass of over hanging chain m'= =x (0.6)kg 

Let at the surface PE = 0 

C.M.ofhanging part = 0.3 m below the table 
4 

U; =—m'gx = 77 x 0.6 x10 x 0.30 


AU =m' gx = 3.6J = Workdone in putting the entire 
chain on the table. 
Workdone in displacing the particle, 
W=FX =(5i+3j+2k).(2i—j) 
= 10—3=7)oules 


7. (bd) 


8. (b) Let acceleration of body be a 
=0+at,>a= at 
aI 
ye 
v=atDve= 
I 
Past = F v= (ma).v 
( mv, \( yt) (vy)? 


Ca had “a! 


p-S-35 


9. (a) Work done by such force is always zero since force is 
acting in a direction perpendicular to velocity. 
.. from work-energy theorem = AK = 0 
K remains constant. 


yee ae ae 
2 2 M 


lk 
Momentum = M x v=M x aoe VkM .L 


ADA 


Loss in potential energy = gain in kinetic energy 


10. (b) 


11. ©) 


l l 
mx gx 80 =—mv" , 10x 80 =—v* 
2 2 


= 1600 or v=40m/s 
u=0;v=ut+al,v=aTl 


12. (b) 


Instantaneous power = Fx v=m.a.at= m. a’ t 


2 
Vv 

. Instantaneous power = ™—>! 
T 


13. (b) KE= Sm = 5x0. x25 =0251 
ee: 
W =-mgh=- ms =-1.25J 
a) ; 
 mgh = ; mv~ by energy conservation 
14. (a) Velocity is maximum when K.E. 1s maximum 
For minimum. PE., 
oh 295 a0 1 
dx 
=> Min. a ee 
4 2 4 
KE. ax) a PE nin) = 2 (Given) 
| 1 9 
“ K-E(max.) = aria ~ 5 Vmax 
l 
> =xlxv = d : 


SS 
max . max . 
4 V2 


Let the block compress the spring by x before stopping. 
kinetic energy of the block = (P.E of compressed spring) 
+ work done against friction. 


5x2x (4)? = 510,000 x2? 415 x x 


10,000 x? + 30x—32=0 
= 5000x7 +15x-16 =0 


_-154 (15)* —4 x (5000)(—16) 


2 x 5000 
= 0.055m =5.5cm. 


15. (b) 
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16. ) The average speed of the athelete 
po tone ay eee, 
10 Z 


1 
Ifmass is 40 kg then, KE. = x 40 x (10)? = 2000J 


1 

Ifmass is 100 kg then, K.E. = = x 100 x (1 0)? = 5000J 

17. (c) Initial kinetic energy ofthe system 
l 
K.E; = mu +5 M0) ae x2x24+0=1J 
For collision, applying conservation of linear momentum 
mxu=(m+M)xv 
2 
0.5x2=(0.54+l1)xv > vas 
Final kinetic energy of the system 1s 


1 oA 221 
K.E-r =-—(m4+M)* =—-(0.54+1)x-—x-—=-J 
pg ee Ss Can ae 


.. Energy loss during collision = [ x} = 0.67] 


oa dU (x) 
18. (c) At equilibrium : ie 0 
—1l2a - —6b 2a \6 
=> —» — 
xl! 5 x b 
a b : 


at equilibrium — 


(a) When force is same 


When extension is same 

Wok (*. xis same) 

“ W,<W, 

Statement | is false and statement 2 is true. 
Work done in stretching the rubber-band by a distance 
dx 1S 

dW = F dx = (ax + bx*)dx 

Integrating both sides, 


L L Z 3 
W = | axdx + | bx*de rae 
4 ; 2 3 


W — mghx1000_ 10x9.8x1x1000 
input input input 


98000 
Input = io. > 49 x 10*J 


49 x10° 
—————} = 12.89 x 10-3kg. 
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Momentum and Impulse 


Section-A : JEE Advanced/ IIT-JEE 


A = my? 2. 0.005Ns 
ac kL & 2. (&) 3. (d) 4. (a) 
D L f¢d@ 2. (a) 3.  (b,d) 4. (a,d) 5. (a,c) 6. (a,d) 
_1( Mv B mM (v* +V7) 
E 1. po=tan("), J 2172 2.) 
= Y mp Nm eM eo YD iv ae) 
Vo 2mvo 
2.  V, opposite direction to the retraced velocity of B 3. 93° 3x2 4. 6.53 sec 
0 
. 
5.  37°,122.6m,46m 6. (a) 7 Vousd (b) 6d./3u 
7. 25m/s,0.318m 8 125, 15.75 m/s 9. —myy sin ati +m(v) cos@t—V,)j where o=> 
H 1 (@) 
L kL 35 


Section-B : JEE Main/ AIEEE 
1. (d) 2. (d) 3. (b) 4 (a) 5S (b) & Wd) 7 fa) 


Berea JEE €@dvanced/ lIT-JEE 


A. Fill in the Blanks The magnitude of total impulse of force on the body from 
1. 2mv'cos0 =m ... (i) ‘ t=4 us tot=16 us 
2mv' sin® =mv = area (BCDFEB) 
im = area of BCFEB + area CDFC 


1 
=> sin@ =cos@ = ya 2mv'cos0 


1 | e 
ee | = —(200+800) x 2x10 + —x10x800x10° 
Putting this value in equation 2 Z 


(1), we get = 0.001 + 0.004 =0.005 Ns 
2mv' v : 
=mv y= — C. MCQs with ONE Correct Answer 
V2 ea | | 
; 1. @)_ If we consider the two particles as a system then the 
I See ee er ( v external force acting on the system is the gravitational 
=—mv +—mv +—(2m)| —= 
Total K.E.= 5 = - (2m) B pale 
A 
2 oe 
= ae pny Se 2 ie ext = At 
2 2 2 2 
2. KEY CONCEPT Area under the F — ¢ graph gives the 2 Ap= fs, At= (mV, '+ myV2')—(mV, +myV>) 


impulse imparted to the body. =(m,+m,) g x 2t 
] 2 0 


2.  (c) Just after collision 
se ca i Be ai 
. m +m) 10+4 


Note : Spring force is an internal force, it cannot change 
the linear momentum of the (two mass + spring) system. 
Therefore v remains the same. 


024 68 W124 1 T 


p-S-38 
3. @ 
4. (a) 
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For vertical motion of bullet or ball 
u=0, s=5m, t=?, a=10m/s2 


M=0.2 kg 


—20m— 
<— 100 mn ">> 


Cage age => ere 
2 2 


=> t= 1 sec 

For horizontal motion of ball 

Xpatt = Moat => 20 = Vian * 1 = Vian 
For horizontal motion of bullet 

Xputtet — “butter '—> 100 = Vinnie * 1 = Vouttet 
Applying conservation of linear momentum during 
collision, w e get 

mV=MVounet* MV pan 
0.01 V=0.01 x 100+0.2 x 20 


5 
“V= 09, =900mis 


Activity B to M for particle thrown upwards 


Die 
Uugsin @ 
vj — Up = 2(-8) ise . | 


a vi = ud (1 ~sin? a)= ud cos” a 
“. Vy) = Up COS & (1) 
2mv sind 2mv 


; 2mv cosO 
) H- us sin? o 
| 2g 
| Up 


m  ‘Mmu,cosa m 


Applying conservation of linear momentum in 
Y-direction 

2mv sin8 = mv, = mu,cose. ...(i1)_ [from (1)] 
Applying conservation of linear momentum in 
X-direction 

2mv cos = muy cosa (11) 

on dividing (11) and (111) we get 


T 
= 1 hg = — 
tan 8 0 A 


D. MCQs with ONE or MORE THAN ONE Correct 


1. (c,d) (a) 1s wrong because the momentum of ball changes 


in magnitude as well as direction. 
(b) is wrong because on collision, some mechanical 
energy 1s converted into heat, sound energy. 


(c) iscorrect because for earth + ball system the impact 
force is an internal force. 
(d) iscorrect. 
2. (a) As one piece retraces its path, the speed of this piece 


just after explosion should be v cos @ 


+ —> 


vsin@ 


vcos0 
(At highest point just after explosion) 
NOTE THIS STEP 
Applying conservation of linear momentum at the 
highest point; 


m ,m 
m(vcos@ )= Pha =e vcos 9 


3 vcos8=Vv' 

3. (b, d) In situation 1, mass C is moving towards right with 
velocity v. A and B are at rest. 
In situation 2, which 1s just after the collision of C with 
A, C stop and A acquires a velocity v. [head-on elastic 
collision between identical masses] 
When A starts moving towards right, the spring suffer 
a compression due to which B also starts moving 
towards right. The compression of the spring continues 
till there is relative velocity between 4 and B. When 
this relative velocity becomes zero, both A and B move 
with the same velocity v' and the spring is in a state of 


maximum compression. 
Applying momentum conservation in situation 1 
and 3, 
Vv 
A Vel=O —»> 
Aluuw[B [CJA} uw [Bi] 
Fig(1) Fig(ii) 
vel=0 _% —% 
[A PULL B 
Fig(iil) Max Compression 


v 
mv=mv'+my' > v= 5 


K.E. of the system in situation 3 is 


2 
1 yea my? = my? — (. a ») 
2 2 4 2 
This is the kinetic energy possessed by A — B system (since, 
C 1s at rest). 
Let x be the maximum compression of the spring. 
Applying energy conservation 


1 
—my* = canes Kx? 
2 2 
1 
=> mv’ = mv’ + — Kx" 
lo 1 9 m 
= = — = v,/—— 
a ria x aK 
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Momentum and Impulse 
4, 


5. 


6. 


(a,d) KEY CONCEPT 
Use law of conservation of linear momentum. 


The initial linear momentum of the system is pi — pi = 0 
Therefore the final linear momentum should also be 


Zero. 
Option a: 


Pi + P2 =(a, +a)i +(b) +by) J +k =Final 
momentum. 

It is given that a,, b,, c,, a,b, and c, have non-zero 
values. Ifa, = x anda, =—x. Also ifb, = y and b, = 


— y then the iand j components become zero. But 


the third term having k component is non-zero. This 
gives a definite final momentum to the system which 
violates conservation of linear momentum, so this is 

an incorrect option. 

Option d: 


Pi + Pr = (a, +ay)i +2b,) #0 because b #0 
Following the same reasoning as above this option 1s 
also ruled out. 
(a, c) 
According to law of conservation of linear momentum 
1 x uy +9 x 0=1(-2)+5 (vy) 


The coefficient of reauuiion. 
Vy —-V vy, —(—2 
e= 2 1 >= 2 ( ) 
u, —Uy u, —0 
> Uy, =Vo+2 {ll 


On solving (1) & (11) we get desired results. 
(a, d) The particle collides elastically with rigid wall. Here 


_ Yv 
0.5ug 


=] “.V=0.5up 


Equilibrium position 


1.e. the particle rebounds with the same speed. Therefore 
the particle will return to its equilibrium position with 
speed Up. option (a) is correct. 

The velocity of the particle becomes 0.5up after time t. 
Then using the equation V = V__,, cos wt we get 
0.59 = Up cos wt 


LCL, pew 
a 6 
The time period Taam Therefore t = 7 


The time taken by the particle to pass through the 


2 
equilibrium for the first time = 2t = ae . Therefore 


P-S-39 
option (b) is incorrect 

The time taken for the maximum compression 

= tap t teat tac 


ese? fm [i+te 
ee 
3Vk 3Vk 3Vk ki3 33 


_ In 
rare 


The time taken for particle to pass through the 
equilibrium position second time 


AE} dE -NEGH) SNE 


option (d) 1s correct. 


. Therefore option c 1s incorrect. 


E. Subjective Problems 
1. Let V’ be the velocity of the final body after collision. 
Suppose, /’ makes an angle 8 with x-direction. 


(m+M) V'sin® t 


(m+M) V' 


mV 0 


ar ¢ V'cos0 


My 


(i) Applying conservation of linear momentum in X 


direction 

(m+ M) V'cos 8 =mV ... ) 

Applying conservation of linear momentum in Y 
direction 

(m+ M)V'sin@ =Mv ... (il) 


Dividing equation (1) and (11) 
My My 
tan 6 = nV => §=tan! e4 
This gives the direction of the momentum of the final 
body. 
Squaring and adding (1) and (i1), we get 


(m+ M)2 V2 cos2® +(m+My V2 sin2 0 
= lye 4iNf2 2 


Vm? V? +M*y" 
m+M 
Thus the magnitude of the momentum of the final body 


=(m+M)V" < nPy? + M2 


l 2 
ji) KE,;-KE, KE, 9 (m+M)V 
K.E,; KE, : on sc | 
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2172 Ded 
M 
(n+) VA" + a 
AKE - = (m+M) 
K.E,; mV + My? 


K.E,-K Ey m-V2 +My" 


K.E, (m+M)(mV? + My) 


mV? +mM7y" +MmV? + M2y? —m?V* —- M7" 
(m+M)(mV? + Mv") 


_ mM" +V*) 
(m+M)(mV? +My’) 


2. mV mV 


mV 


ie So Finally 


Initially Bysymmetry, the momentum ofthe system is zero. 

Finally The momentum ofthe system should be zero. 
mV=mV' > V=V 

The velocity of C is V and is in opposite direction to the 

retraced velocity of B as shown in the figure. 

3. Since the collision between C and 4 is elastic and their 
masses are equal and A was initially at rest, therefore the 
result of collision will be that C will come to rest and 4 will 
initially start moving with a velocity vo. But since A is 
connected to B with a spring, the spring will get compressed. 


C m Vv A m B2m are m y' B 2m | 

Te feed} ST LP, 
At t= fo, the velocities of A and B become same. 
Applying energy conservation; 


aie = smv+—Imv2+ — exp 


2 
where X, 1s the compression in the spring at t = fy 
k 
vo = 3y7 4 — x8 (I) 
m 


Applying momentum conservation, we get 


' ' ' Vo = 

mV, = mv' + 2mv v= 30OCUT (11) 
From (1) and (11) 

- 2mve 
ve eee >k= - 

9 m 3X0 

4. For the ball thrown up 

vp -_ ur = 2a) 5} 
ve —2401=19.6h ... (i) 
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V2 
S$) =U Tall 


h=491-4.9 2 Gi) 98m . i 
For the ball dropped from height 
5 > 78.4m 
va —Uuy = 2S 
vy =19.6(98—h)_... (iii) 
1. 9 

S5 = Url Ti O22 

98-h=4.9? _.. (iv) 
From (11) and (iv) 
98 —(49t-4.977)=4.977 ». 98-49t=0 

t=2 sec 

h=49x2-4.9x 22=78.4m (from (ii)) 


Substituting this value of / in (1) and (11), we get 
— 2401 =- 19.6 x 78.4 = 19.6 (98-—78.4) 


vp = 864.36 => yF =384.16 


v,=29.4m/s => vy = 19.6 m/s 

Note : At point C where the two bodies collide, thereafter 

both bodies stick and behave as a single body. 

Thus, we apply conservation of linear momentum, which 

gives 
MV, — MV, = 2mv 

Yy-Vv¥ 29.4-19.6 
2 2 
For the combined body 
u=4.9m/s; s,=—78.4; a, =—9.8 m/s’; t=? 


=49m/s 


1 5 5 
s= eae a => —78.4=4.9t-4.9¢ 
1+ 1+ 64 
#—1-16=0 => f= SN 2453 
Total time = 4.53 +2 = 6.53 sec. 
(1) In AAOQR 
OR 
oo, = R= = fod 
sin 30 10/3” ,O 
u=50m/s ial 


At the highest point P, the velocity of the bullet = u cos 6 


Applying conservation of linear momentum at the highest 
point 
M(ucos@ )+3M x0=(M+3M)v 


Momentum and Impulse 


Mucos8- ucos@ 
SS SS 


4M 4 
Applying energy conservation principle for P and R 
K.E. of the bullet-mass system at P = P.E. of the bullet-mass 
system at R 


=(4M)y? = (4M) gh 


2 Z 
(amy 8 9 = ag x( 945) 
2 3 3 


16 
ae 98x5x2x16 - 9=37° 
oa 50 x 50 
2 .: . o 
(ii) Ru sin20_ 50x 50sin2 x37 ~122 6m 
2 22 2x98 
_ u? sin? @ _ 50x 50x (sin37°)° ieee 


2g 2x98 
6. KEYCONCEPT 
Since the collision is elastic in nature applying conservation 
of linear momentum and conservation of kinetic energy 
mv = (4m) ut mv' 
where u is the velocity of mass 4m after collision and v' is 
the velocity of mass 2m 


=> v=v—-—4u ... 0) 

l 1 l 
Also, —mv’* = —(4m)u +—mv" 

2 2 2 Moy 
=> y=4y2+y"? ... (i) 


— 4d ———> 


From (1) to (11) 


2 
v2 =4y* + (v—4u)* > u= 7 


Block B starts moving but the block A remains at rest as 
there is no friction between A and B. 
For block A to topple, block B should move a distance 2d. 
Let the retardation produced in B due to friction force 
between B and the table be a 

F=uN => (4m)a=yu(6mg) > a=1.5ug 
For the motion of B, 


2v 
u= 5777 0,s=2d,a=—1.5 ug 
2v ¢ 
Now, v* —u2 =2as => (0)*- (2) = 2(-1.5ug)2d 


> y= > [éugd 


For elastic collision between two bodies 


_ (mam)uy | 2muy 


I mM + IM) m + IM» 


Here m, =m, m,=4m,u, = 5,/6ugd , uy =0 
l 2 l 2 


(m — 4m)5./ugd 3J6ugd|_ 
pg Nee Sig ; 
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=—3x5 ee = ~3,/6ugd 


Note : The negative sign shows that the mass m rebounds. 
It then follows a projectile motion. 
Considering the vertical direction motion of this projectile. 
= = — = 9 
Uy, 0, Sy d, a, = 8,0, = 1 
See ee eed 
2 a g 
The horizontal distance travelled by mass m during this 
time t 


x= 3V6ugd x ie =6 3nd = 6d./3p 


When the stone reaches the point Q, the component of 
velocity in the + Z direction (v cos @ ) becomes zero due to 
the gravitational force in the — Z direction. 


17 rs Zz gt bps, ‘if 
4 4 ee 
Pos soe Sr T= ze vx = 4m/s 
7 ee 7 OQ, 
7 “ — 
7 ake ae 
-* vcosd 7” 
¢ 
SO a oe oa 
v.=4m e 


The stone has two velocities at O 

¢v, inthe +X direction (4 m/s) 

¢vsin@ inthe + Y direction (6 sin 30° =3 m/s) 
The resultant velocity of the stone 


v= (v,)? +(vsind)? = ¥42 +3? =5m/s 


(i) Applying conservation of linear momentum at Q for 
collision with a mass of equal magnitude 
mx5=2mxv 

Note : Since, the collision is completely inelastic the two 

masses will stick together. v is the velocity of the two masses 

just after collision. ] 
v=2.5 m/s 
(1) When the string is undergoing circular motion, at any 


y- 


arbitrary position 7—2mg cos a= 


2mv" 


Given that, 7=0 whena=90° ..0-—0= > v=0 


= Velocity is zero when a = 90°, 1.e., in the horizontal 
position. minmimioasnsggeginll 
Applying energy conservation 
from Q to M, we get 


5 2my? = 2mgl 


ve (2.5) _ 


= 0.318 m 
2g 2x98 
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Consider the vertical motion of the cannon ball 
u,,= + 100 sin 30° 


s, =—120m 
oe 2 
a, =— 10 m/s 
t =f 
l ) A 5 B up 0 
Sat “. —120=S50t)-5% 


=> -10t)-24=0 


— (-10)+ 100 — 4(1)(-24) | 
a, Ta 
ty = 12 sec. 


12 0r—2 [Not valid] 


The horizontal velocity of the cannon ball remains the same 


u,, = 100 cos 30°= 50 V3 ms"! 


Applying conservation of linear momentum to the 
cannon ball-trolley system in horizontal direction. Ifm is the 
mass of cannon ball and M is the mass of the trolley then, 

mu,.+ Mx0=(m+ M)v,. 


mu, 
vy. = — where v.. is the velocity of the 
x m+M ~ y 


cannon ball-trolley system. 
1x50 V3 
"Z 1+9 
The second ball was projected after 12 second. Horizontal 
distance covered by the car P 


=12x 5/3 = 60/3m 


Since the second ball also struck the trolley, 
Therefore, in time 12 seconds, the trolley covers a distance 


of 60V3 m. 
For trolley after 12 seconds; 


m 
u=5V¥3 m/s, v=?, t=12s ay 


1 
s= 60V3 m, s= ut+ at” 


1 
= 60 V3 = 5¥3x 12+ 5xax 144 
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a=0m/s? ». v=utat= 5V3 m/s. 
To find the final velocity of the carriage after the second 
impact we again apply conservation of linear momentum in 
the horizontal direction 

mu,.+ (M+ m)v,=(M+ 2m) Ve 


1x 50V3 +(9 +1) 5V3 =9+2)y 
=> v=15.75 mis 


:V5 


an 


Vy = (-vy sin wti+v, cosat j/);¥, =v) / 


cot 


Vv =V7-V 


o* 
. Pig 

. «* 

. Po 

: ») Oy 
-* 


=—-V) sin ti +(Vv> cos@t—v,)/ engne|nasescussacses é: sncleacecsnsnabonssscne 


ae Ss 
P py mY pM 


= —MV SIN Oti + M(Vv7 COS Mt — Vv, ) j 


, 
where @ =—~ 
R 


2 . VO 2 i) A 
Or, Dpy =m =e + yeOs J 


H. Assertion & Reason Type Questions 


(d) Statement 1 : For an elastic collision, the coefficient of 
restitution = 1 
UE i ah ye | 
| Uy — Us | pee Ie 
= Relative velocity after collision is equal to relative 
velocity before collision. But in the statement relative 
speed is given. 
Statement 2 : Linear momentum remains conserved in 
an elastic collision. This statement is true. 


Il. Integer Value Correct Type 


5 Velocity at the highest point of bob tied to string (, is 
acquired by the bob tied to string @, due to elastic 
head-on collision of equal masses 


f 
Therefore /g/, =./5gl, °° Ly =5 
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a Section-B 


1 @ 
2 @ 
3. (b) 
4. (a) 


Let n be the number of bullets that the man can fire in 
one second. 

.. change in momentum per second = nx mv=F 

[ m= mass of bullet, v = velocity] (-.- Fis the force) 


_ F _ 144x1000 | 
mv 40x1200 © 
In x-direction, mv = mv, cos0 (1) 


where v, is the velocity of second mass 


mv 

In y-direction, —==myv,sin@ ..(2 

JY B l (2) 
ny 3 


mv, cos 9 


mv, 


mv, sin 0 


Squaring and adding egns. (1) and (2) 


2 
yy = v $-=>y =——V 
cede 
Let the velocity and mass of 4 kg piece be v, and m, 
and that of 12 kg piece be v, and m,. 


16 kg 
C) Initial momentum 
Situation 1 = 
4kg=m, m,=12kg Final momentum 
ve ) ND =m,v,—m,V, 
Situation 2 


Applying conservation of linear momentum 


12x4 4 


1 1 
» KE =—my~ =—x4x144 = 288 J 
2 2 


In completely inelastic collision, all energy is not lost 
(so, statement -1 is true) and the principle of 
conservation of momentum holds good for all kinds of 
collisions (so, statement -2 1s true) . Statement -2 
explains statement -1 correctly because applying the 
principle of conservation of momentum, we can get the 
common velocity and hence the kinetic energy of the 
combined body. 


JEE Main/ GIEEE 
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During each collision 


4 be ate = 
Initial velocity = ie lms 


, ; 2 | 
Final velocity = i —l ms 


Impulse = Change in momentum 
=m|v> —¥j| = 0.4 x2=0.8 Ns 
p? p? 


2m 2(m+M) 


2 
FS 
2m 2 


| M 1 “| M | 
= — =—mv 
2m|(m+M)| 2 m+M 


Statement II is a case of perfectly inelastic collision. 
By comparing the equation given in statement I with 
above equation, we get 


(og ame 
ae rT instead of haan 


Hence statement I is wrong and statement II 1s correct. 


Maximum energy loss = 


Initial momentum of the system 
P= V[m(2V)* x m2V)7] 


= J2m x2V 
Final momentum of the system = 3mV 
By the law of conservation of momentum 


2/2mv = 3mV 


2J2v 
3 


=V 


combined 


=> 


Loss in energy 
1 l l 
AE = smV i m, V3; ~ (my +My) Veombined 


AE = 3mv -S mv? = my" = 55.55% 


Percentage loss in energy during the collision = 56% 


Rotational Motion 


Section-A : JEE Advanced/ IIT-JEE 


M@ 1 @) 
e ea a e — MRAw i —_ 
3 M+6m . 3 : ? 


[> 
= 
|r 
® 
ho 


d ds 

B 1. F 2. *#F 3. *F 4. F 
C 1. (© 2. (c) 3. (c) 4. (c) 5. (a) 6. (a) 7. (c) 8. (d) 

9, (b) 10. (a) 11. (b) 12. (b) 13. (a) 14. (a) 15. (b) 16. (b) 17. (d) 

18. (a) 19. (b) 20. (b) 21. (d) 22. (d) 23. (a) 24. (c) 25. (b) 26. (d) 
D 1. (d) 2. (b) 3. (a,c) 4. (b,d) 5. (a,c,d) 6& (a,b,c) 7. (a) 8. (c) 

9. (a) 10. (a,b,c) Il. (c,d) 12. (a) 13. (b,c) 14. (a,b,c) 15. (c) 16. (a,b) 17. (d) 

18. (c,d) 19% @ 20. (ac) 21. (ab) 
E 1. T=mg[3cos0—2cosQ], 0,=30° a yee 
E = mg[3cos cosOy], 9, ; oe 7s 

3. 9cm from the origin towards left , Oe 

° Cm irom the origin towards le ° M+m > M(m+M) 

mvp 
5. Woe , perpendicular to the plane of motion and is directed away from the reader. 6. 2m, yes 
7. 2.725 8. () ~ (b) 3.5 ms" 
ae 2 
9. (i Straight line, (ii) | =— (2) =1 Ellipse 10. (i) 1.63N (ii) 122m 11. 63m/s 
as aa 
12. (a) @= cos! — 4 &) “ (c) 6 13. (L+2R,0) 
14. (i) 6i (ii) 0.6(K-/), —" 
4mv 
V3i —k Ew +m J —— xh 
15. (a) = alae ), ae S|* (b) ak 16. ./5gR 
8F 4F 3FM, FM 

17. (8) 337, +8m,° 3M, +8m, \) 3M, + 8m’ 3M, + 8m, 

18. (a)0.1 m (b) 1 radian/sec. (c) infinite 19. (a) (3ml@2 (>) Fret)x = (Fret)y = V3mlo* 

20 ee 21 i sin 8 

(MasnyE.o "3° 

22. (at +m) § |cot0, along AB. 23. 10m/s 
F 1. A)>p,t (B)>4q,s,t (> p,rt (D)> gp 
G 1. (&) 2. (a) 3. (b) 4. (d) 5. (d) 6. (c) 7. (a) 8. (b) 
H1e@d@d 2 @ 
I 1. 6 2 4 3. 9 4. 3 5. 8 6 4 de 72 8. 7 9. 6 
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Section-B : JEE Main/ AIEEE 


1. (Cc) 2. (b) 3. (b) 4. (c) 5. 
10. (d) 11. (b) 12. (a) 13. (a) 14. 
19. (d) 20. (b) 21. (b) 22.. (0) L3. 
28. (c) 29. (2) 30. (c) 31. (c) 32. 
Section-A 


A. Fill in the Blanks 


KEY CONCEPT 

When the cube begins to tip 
about the edge the normal 
reaction will pass through the 
edge about which rotation 
takes place. The torque due to 


Nand fwill be zero. 
Taking moment of force about D 
3a a 2 
—= = 23 Fam 
ae eam Sa a7 


Note : Since no external force and hence no torque 1s applied, 
the angular momentum remains constant 


1,0, =, 
72 
_ 41@) _ pot =, 
Lh ure r\2 M+6m 
——+2mx (4) 
12 Z 
Considering the motion of the platform 

x=A cos wt 


2 
= a =-Awsnwt > oe = —Aw* cos wt 
at dt” 

The magnitude of the maximum acceleration of the platform 
is 

| Max acceleration |= Aw? 
When platform moves a torque acts on the cylinder and the 
cylinder rotates about its axis. 


Acceleration of cylinder, a, = f 
m 
Torque +t =fR .. la =  fR 
a = ae iB 
IT MR?/2 
_2f of 
Or, a = MR Or AQ = M 
, Equivalent linear acceleration ( Ra = ay) 
cy 2, 
a, ry, 
-. Total linear acceleration, 
2 3 
a 5 ae 


(d) 
(C) 
(d) 
(d) 


6. (a) 7. (d) 8. (d) 9. (a) 


15. (d) 16. (c) 17. (c) 18. (c) 
24. (a) 25. (d) 26. (c) 27. (b) 
33. (a) 34. (c) 


JEE Gidvanced/ IIT-JEE 


3 


Thus, maximum torque, 


3 3 
Let at any instant of time ¢, the radius of the horizontal 
surface be r. 
T= mro* ... (i) 
Where m is the mass of stone 
and w is the angular velocity 
at that instant of time ¢. 
Also, L =Io 
From (i) and (11) 


... (ii) - 


mr? mI? V 3 
fo ae ea aS 
I (mr~ ) m 
2 
=? where — = A is constant 
Thus, n =-3 i 
R,+R,=W 
“ R,=W-R, 
Assuming symmetric lamina to be in xy plane, we will have 
=, (Since the mass distribution is same about x-axis and 
y-axis) 
Pog hoop (perpendicular-axis theorem) 
It is given that 1, = 1.6 Ma’. 
Hence 


ae I, = 2 
mr eel 


Now, according to parallel-axis 
theorem, we get 


Lp =1,+M(ay 
=().8 Ma2 + 4Ma2 
=4.8 Ma? 
B. True/False 
ae oe 
T Q - Qa 7 


t = Force x perpendicular distance. Torque 1s same in both 
the cases. But since, / will be different due to different mass 
distribution about the axis, 

”. a will be different. 


P-S-46 Topic-wise Solved Papers - PHYSICS 
_ aL .. OF 
2 tT=— Since, 7[=0 
6) 
L = constant M 
1, = 1,0, 
l 2 
I, = MR l=Mr 
©, =o Le., [,@,=1, 0, 
l 1M» (441 5 MP xo =(Mr+ 2mr)o, ("" @ = @) 
I= ~MR* +——R? -(441 MR? = = MR? i 
2 24 8 8 ie ss 
= 2 M+2m 
2 2. (c) The moment of inertia of the system about axis of 
Lens rotation O is 0.3 kg 
ho Fae x g 4 [=1,+1,=0.3x + 0.7 (1.4—x)* 
o,= 1+ =+ =—_w=-o =(0.3x2 +0.7 (1.96 +x2—2.8x) x 
I > yr2 2x5 = 5 = x2 + 1.372-1.96x 
8 The work done in rotating the O 
3 Total energy of the ring rod is converted into its 
- K(KE rotational kinetic energy. 
= (KE. Rotation (KE. )ivarslationdl 1 1.4—x 
2 
l 1 W= —Io 
= —]@* += mv> Z | 
2 2 ; 0.7kg 
= —[x* +1.372-1.96x] o” 
= eee Gay (-- [=mr-, v,=ro) 2 _ 
2 2 ene For work done to be minimum 
dw 
= mr?” Pe => 2x-1.96=0 
Total kinetic energy of the cylinder 
= (KE Rotation = (KE :) Srandlational >rx= < =(0.98m 
1 1 — 
=5 Payee a e 3. (c) Asthe spheres are smooth there will be no friction (no 
torque) and therefore there will be no transfer of angular 
1 ( l J > 1 5 momentum. Thus A, after collision will remain with its 
=—| -—Mi “+—M eles 
Pe) a i Z a initial angular momentum. 1.e., @ 4 = @ 
3 4. (c) KEYCONCEPT 
= aro ... (I) The disc has two types of motion namely translational 
er Z and rotational. Therefore there are two types of angular 
Equating (1) and (11) 


mre = = Mr" 


@M Am 403 _ 
ow? 3M 3 04 
> a= 


Both will reach at the same time. 
4. Since no external force 1s acting on the two particle system 
aem = 0 
=> V.,,— Constant. 


C. MCQs with ONE Correct Answer 


1. (c) Since the objects are placed gently, therefore no 
external torque is acting on the system. Hence angular 
momentum is constant. 


momentum and the total angular momentum is the 
vector sum of these two. 
In this case both the 
angular momentum have 
the same _ direction 
(perpendicular to the 
plane of paper and away 
from the reader). 


L=Lr+Lr 

7 = angular momentum due to translational motion. 
pr = angular momentum due to rotational motion 
about C.M. 

L=MVxR+I_,@ 

Ton = MI. about centre of mass C. 
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5. (a) 
6. (a) 
7 (c) 
8. = @) 


| 
=M(Ro)R+ 5 MR*o 


(v= Ro in case of rolling motion and surface at rest) 


= 3 ur 


Net torque about O 1s zero. 
Therefore, angular momentum (ZL) about O will be 
conserved, or L, = Le 


ur(4) = [90 = (Inn + MP2) 


== Ma’ = ou 


Ma’? ( a? | 2 v 
° aes 3 Aa 
Note : When we are giving an angular acceleration to 
the rod, the bead is also having an instantaneous 
acceleration a = La. This will happen when a force is 
exerted on the bead by the rod. The bead has a tendency 
to move away from the centre. But due to the friction 
between the bead and the rod, this does not happen to 
the extent to which frictional force is capable of holding 
the bead. 
The frictional force here provides the necessary 
centripetal force. If instantaneous angular velocity 1s 
w then 
mLa? = w(ma) > mLo* = umLa > o7 = pa 
By applying 


] 
=> =, + at, se 
men | © 


r= na > t= 2 
OL 


The applied force shifts the normal reaction to one 
corner as shown. At this situation, the cubical block 
starts topping about O. Taking torque about O 


‘+—1—1 
l 


= LS 
2 2 
Moment of inertia about the diameter of the circular 


i 
Fx L=mgx > 


l 
loop (ring) = 5 MR 


Using parallel axis theorem 


9. ©) 
10. (a) 
11. (b) 
12. () 
13. (a) 


P-S-47 
The moment of inertia of the loop about XX axis is 


2 
MR a. 3 9) 


Where M= mass of the loop and R = radius of the loop 


L 
Here M=LpandR on 
2 3 
L vb 
bee= 335) “Gt 
™ 81 
The M_I. about the axis of rotation is not constant as 
the perpendicular distance of the bead with the axis of 
rotation increases. 
Also since no external torque is acting. 
dL 
ue a 
Since, / increases, w decreases. 
The mass distribution of this sector 1s same about the 
axis of rotation as that of the complete disc about the 
axis. Therefore the formula remains the same as that of 
the disc. 
Imagine the cylinder to 
be moving on a 
frictionless surface. In 
both the cases the 
acceleration of the 
centre of mass of the 
cylinder is gsin 9. This 
is also the acceleration 
of the point of contact 
of the cylinder with the inclined surface. Also no torque 
(about the centre of cylinder) 1s acting on the cylinder 
since we assumed the surface to be frictionless and 
the forces acting on the cylinder is mg and N which 
pass through the centre of cylinder. Therefore the net 
movement of the point of contact in both the cases is 
in the downward direction as shown. Therefore the 
frictional force will act in the upward direction in both 
the cases. 
Note : In general we find the acceleration of the point 
of contact due to translational and rotational motion 
and then find the net acceleration of the point of contact. 
The frictional force acts in the opposite direction to 
that of net acceleration of point of contact. 
Since there is no external 
torque, angular momentum C 
remains conserved. As 
moment of inertia initially 
decreases and_ then 
increases, SO w will increase 
initially and then decreases. 


=> L=constant > /m=constant 


A 
Note : The MJ. of the system decreases when the 
tortoise move from 4 to B and then increases from B 
to A. 
So the variation of w 1s nonlinear. 
Change in angular momentum of the system = angular 
impulse given to the system about the centre of mass 
(Angular momentum),— (Angular momentum), 


P-S-48 

14. (a) 
15. (b) 
16. (b) 
17. @ 
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L . 
= Mv x ... 4) 
Let the system starts rotating with the angular 
velocity a. 


Moment of Inertia of the system about its axis of rotation 
[centre of mass of the system] 


2 2 2 2 
-u(4) +u(4) EP cae sca 
2 2 4 2 


L 
From (i) Jo—0 = Mv ~ 


The net force acting on a particle undergoing uniform 
circular motion is centripetal force which always passes 
through the centre of the circle. The torque due to this 
force about the centre is zero, therefore, L is conserved 
about O. 

i 


rotation > 770 : 


KEY CONCPET: (KE) 


Here , L = constant 
“ (K-E.) otational * 1 = constant. 
When J is doubled, KE. pationay becomes half. 


Note : In pure rolling, the point of contact is the 
instantaneous centre of rotation of all the particles of 
the disc. On applying v= ra 


We find @ is same for all the particles then v « r. 
Farther the particles from O, higher is its velocity. 
The cubical block is in equilibrium. 

For translational equilibrium 

(a) 2F.=0> F=N 

(b) LF, =0> f=mg 


For Rotational Equilibrium 

2 =U 

Where tT, = torque about c.m. 

Torque created by frictional force (/) about C=f ain 
clockwise direction. 

There should be another torque which should counter 
this torque. The normal reaction N on the block acts as 
shown. This will create a torque N x 6b in the 
anticlockwise direction. 

Such that fxa=Nxb 

Note : The normal force does not act through the centre 
of the body always. The point of application of normal 
force depends on all the forces acting on the body. 


18. 


19. 


(b) 


(a) Leto be the mass per unit area. 


The total mass of the disc 
=ox1R2=9M 
The mass of the circular disc cut 


Z 2 
= oxn( =| ge =M 
3 9 


Let us consider the above system as a complete disc of 
mass 9M and a negative mass M super imposed on it. 
Moment of inertia (/,) of the complete disc = 


] 
= SMR about an axis passing through O and 


perpendicular to the plane of the disc. 
MI. of the cut out portion about an axis passing through 
O' and perpendicular to the plane of disc 


2 
= 2 xM x (=) 
2 3 
M_I. ([,) of the cut out portion about an axis passing 


through O and perpendicular to the plane of disc 


2 2 
= Lemx(4| +m x(28) 
2 3 3 
[Using perpendicular axis theorem] 
.. The total MJ. of the system about an axis passing 


through O and perpendicular to the plane of the disc is 
f=], +1, 


2 2 
— tour? — Lem x(4| +m x(24) 
2 2 3 3 


2 2 2 
_ 9MR* _9MR 7 (9-1)MR _ AMR? 
2 18 2 
Since v is changing (decreasing), Lis not conserved in 
magnitude. Since it is given that a particle is confined 
to rotate in a circular path, it cannot have spiral path. 
Since the particle has two accelerations a, and a, 
therefore the net acceleration is not towards the centre. 


The direction of Z remains same even when the speed 
decreases. 
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20. (b) 
21. @ 
22. @) 

23. (a) 


For solid sphere 


2 
* MR? 


Lap 5 =e 


(given) _... (i) 


For solid disc 
a, De aD 
Lyi = Typ + MP = > Mr" + Mr” =~ Mr 


| eae OT (given) _... (il) 


From (1) and (11), 
2 
2 uR? =2Mr? >p=—=P 


5 2 V15 


By the concept of energy conservation 


1 i ( 3,2 \ 
—myv* +—Iw” = mg eu 
2 2 4g 
2 
2 I1,yv 2 
—mv" +—I[—=—mv = 
5 ae oA [- v = Ro 
2 
ae ee ~—my" ——my" 
2 Rp? 4 
| 


= [= —mR? 
2 


This is the formula of the moment of inertia of the disc. 
This is the case of vertical motion when the body just 
completes the circle. Here 


Applying energy conservation, 
Total energy at A = Total energy at P. 


Vv 
ome 2 
>h= 8p 3 ous whale 
3 5 Reference A 
= — x 5g = —— (ai) Level for PE. 
8g 8 
1SL 
ad. g 7 
In AOPM, cos® = oa = 


3 
Therefore, the value of 0 lies in the range z <O<7 


The system is made up of five bodies (three circles and 
two straight lines) of uniform mass distribution. 
Therefore we assume the system to be made up of five 


24. (Cc) 


25. (b) 


p-S-49 


point masses where the mass of each body is 
considered at its geometrical centre. 


Y. 


omey 0) X 


Hf 
(0, -a) 
The y-coordinate of the centre of mass is 


2 PE Va 3 Va Maya eS V5 


eee Mm +My) +m, +My, + Ms 


_ 6mx0+mx0+mxatmxat+m(—a) 


si 6m+m+m+m+m 


ma a 


10m 10 
The angular 
momentum of the mass 
m about O is mr7w and 
is directed toward +z 


direction ffor all 
locations of m. 
The angular 


momentum of mass m 
about P is mvl and is 
directed for the given 
location of m as shown 
in the figure. 


The direction of Ls remains changing for different 
locations of m. 


6 NAL 
We know that | t |= ie where L=J@ 


t=— (lo) = o— i) 


From the situation itis clear that the moment of inertia 
for (rod + insect) system is increasing. 


— 
—_ 


Let at any instant of time '?’, the insect is at a distance x 
from O. At this instant, the moment of inertia of the 
system 1s 


1 
= 3 ML? + mx? __{ii) 


From (1) & (11) 


P-S-50 
= 2omv*t [-- x=vt] 
TOT (till <= 7) 
When the insect stops moving, L does not change 
and therefore t becomes constant. 
26. (d) Considering the normal reaction of the floor and wall 


1. 


to be N and with reference to the figure. 


By vertical equilibrium. 

32g 
N+Nsin 30°=16g>N= 30 (1) 
By horizontal equilibrium 


V3... 16V3 


f= Ncos 30° = ae a From (i) 


Taking torque about A we get 


1.6g x AB=N xx 
1.6 gx ese 2 ax a2 ag ... (ii) 
2 3 
Bane! ro ae 
ut cos 30° = zi =05 30° ... (il) 
30h BB 


P a A 
From (11) and (iil) ~ 00 ~ = Ze 


D. MCQs with ONE or MORE THAN ONE Correct 


(d) Weknow that F..,= Ma. m ... 0) 
We consider the two particles in a system. Mutual force 
of attraction is a internal force. There are no external 
forces acting on the system. From (1) 
Qe mn ty! => Voy, = constant. 
Since, initially the v, , =0 
Finally v, ., =9 
(b) Angular momentum 
L=rxp 
LZ = Momentum x 
perpendicular distance of line 
of action of momentum w.r.t 
point of rotation 
L=Mvxy. 


3. 


5. 
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The quantities on the right side of the equation are not 
changing. 

The magnitude is constant. The direction is also constant. 
(a,c) When the cycle is not pedalled but the cycle is in 
motion (due to previous effort) the wheels move in the 
direction such that the centre of mass of the wheel move 
forward. Rolling friction will act in the opposite direction to 
the relative motion of the centre of mass of the body with 
respect to ground. Therefore the rolling friction will act in 
backward direction in both the wheels. The sliding friction 
will act in the forward direction ofrear wheel during pedalling. 
(b, d) Angular momentum = (momentum) x (perpendicular 
distance of the line of action of momentum from the axis of 
rotation) 

Angular momentum about O 


L=—=xh mm 


a 


2 aD Pi 

v-sin*@ v 

—— = —__ [- 0=45°] (ii) 
22g 4g 


From (1) and (11) 


Now, h= 


Also, from (1) and (11) 


MV y? my” 


| ee — oe 
V2 4g 4V2¢ 


(a, c, d) 
Applying conservation of linear momentum 

2m (—v)+ m(2v)+ 8m x 0=(2m+ m+ 8m) v, 
> vi=0 


¥ t m 
y Y 3a 
Vv _—— 


Ki 2 1 
a av 


m 


Applying conservation of angular momentum about centre 
of mass 
2mv x a+m (2v) x 2a=Io (1) 


l 
Where J= 3 (8m) x (6a)? + 2m x a2 + mx 4a? 


I=30ma? (ii) 
From (1) and (11) 
2mv(a)+ m(2v) x 2a = 30ma* xo ae ee 
Sa 
a 1. 9 
Energy after collision, E = re w 
1 2 2 
= —x30ma’ x Y mad 
2 ae 5 
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6. (a,b, c) To find the moment of inertia of ABCD about an axis perpendicular axes, 
passing through the centre O and perpendicular to the plane C D 
of the plate, we use perpendicular axis theorem. If we Ll apt lap =lept lop 


consider ABCD to be in the X-Y plane then we know that 


Ly=LytLy 

L.=1,+1 4 
Also, rT = I, ag [, 
Adding (1) and (11), 

2o=Lt+bht+h+h ~ 
But J, =J,andJ, =I, 

(By symmetry) 
217 =f, +4 +13 + I, 
= 21, +21, ‘ 


aa I = rf " I, 
(a) The force acting on the mass of liquid dm of length dx 
at a distance x from the axis of rotation O. 


. LE 


M . ee ee 
where a is mass of liquid in unit length. 


dF = (dm) x 


M 
dF= ee 


The force acting at the other end is for the whole liquid 
in tube. 


(c) When the car is moving in a circular horizontal track of 
radius 10 m with a constant speed, then the bob is also 
undergoing a circular motion. The bob is under the influence 
of two forces. 


(i) 7 (tension in the rod) 

(i) mg (weight of the bob) 

Resolving tension, we get 
T cos § = mg ... (i) 


mv* ‘ 
And 7 sin § = Soe (11) 


(Here 7 sin 9 is producing the necessary centripetal 
force for circular motion) 


Dividing (11) by (1), we get 
v> 10x10_ 


t = — ‘= = 
oe rg 10x10 


1 > 9=45° 


(a) A'B' | ABandC D'1 CD 
From symmetry J ,,=1,.,,and [op =lap 


From theorem of 


11. 


> 21 p= 2L cp 


B 
LB -Lcp 
(a, b,c) KEY CONCEPT t= | | " 
Given that 
f=AxE > S=AxE 


dL | 
From cross-product rule, a is always perpendicular to the 


plane containing 4 and L. 
By the dot product definition 


EL 
Differentiating with respect to time 
| ee — aL L 
dt dt dt dt dt 
_ a... = 
Since, a 1.e. ¢ 1Sperpendicular to L 
dt at 


= lL-=constant 

Thus, the magnitude of L always remains constant. 

As A is aconstant vector and it is always perpendicular 
to T, 

Also, L is perpendicular to A 

~ ELLA +. EA=0 


Thus, it can be concluded that component of £ along 4 is 
Zero 1.e., always constant. 

(c, d) As shown in the figure, the component of weight 
mg sin @ tends to slide the point of contact (of the cylinder 
with inclined plane) along its direction. The sliding friction 
acts in the opposite direction to oppose this relative motion. 
Because of frictional force the cylinder rolls. 


Thus frictional force adds rotation but hinders translational 

motion. 

Applying F’., = ma along the direction of inclined plane, 

we get mg sin 8 —f=ma.,, 

where a, = acceleration of centre of mass of the cylinder 
f= mg sin @ —ma, ... (I) 
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p-S-52 
sin 8 sin@ 2. <3 
But a,= = = 5 = Sg sind ... (il) 
1+ C 4 mR /2 3 
mR? mR2 
mg sin 8 


12. 


13. 


14. 


From (1) and (11), f= 


If 8 is reduced, frictional force 1s reduced. 


(a) 


(b, c) 


= d Psystem 
>, Ket = 


Given ys = 0: = Psystem = Constant 


Due to internal forces acting in the system, the kinetic 
and potential energy may change with time. 

Also zero external force may create a torque if the line 
of action of forces are along different direction. Thus 
the torque will change the angular momentum of the 
system. 


Vc = Vo 


V4=0 
If Vo is the velocity of centre of the sphere, then 
Vc=2V0o, Vz =Vo and V4 =0 
Vo Vp =O 6 VG = V0 
Vg—V4=Vo-0=Vo 
Vo-Vp=Ve-V 4 
(b) is the correct option. 
Now, [Vc -V 4 |=|2V9 -0|=|2V0 21V | 
and Ic _V 4 \=2|V'p Ve | 
(c) is the correct option. 


(a,b,d) 
Let V be the volume of spheres. 


For equilibrium of A: 


T+ Vd,g= Vdg A 
T=V, (dp- dy) ...(1) 


For T>0,d,>d, or dy <d, q 
(a) is the correct option 

For equilibrium of B : 

T+ Vd.g= Vdpg B 
.. T=Vg (dp —d,) 
For T > 0, dp > d; 

(b) is the correct option 
From (1) & (2) Vg (d-—d,) = Vg (dp —d,) 


(2) 


d-—d, = dp —de 


* 2d-=dy+dp 


(d) is the correct option. 


15. 


17. 


18. 


(c) The frictional force between 


Icdt 


the ring and the ball is J,=2N-s 
impulsive. The angular 
impulse created by this force 
tends to decrease the angular 
speed of the ring about O. c 

After the collision the angular speed decreases but the 
ring remains rotating in the anticlock wise direction. 
Therefore the friction between the ring and the ground 
(at the point of contact) is towards left. 


(a,b) For rolling motion, the velocity of the point of contact 


(d) 


with respect to the surface should be zero. For this 


3Rw(-i)+3, =0 3, = 3Ro i 


R 000830" 


5 sin 30° (-i ) 3Roi 


A shown in the figure, the point P will have two 
velocities 


(i) 3 Roi (due to translational motion) 


(i) 


0 making an angle of 30° with the vertical due 


to rotation 


The acceleration of the center of mass of cylinder rolling 
down an inclined plane is 
gsin 8 


t Ip 


MR? 
Here I, > Ip because in 
case of P the mass is 
concentrated away from 
the axis. 
Ap<Ag > Vp< VQ > Mp< 


(c, d) When p, + 0 and p, +0 


P fy= WN, 
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N, =1)N, [-. horizontal equilibrium] gimaa2/24 
mg=N,+ p,N,_ [.- vertical equilibrium] Lz= —I,@sin 0 
Solving the above equation we get 
2 [24_ [24 17ma*m 1134 
mg = 8lmma‘* ,/— x ,/— -————_ = —— maa 
Ny Bare 5 V5 10 50 
. a,b 
.”. (c) 1s the correct option. @b) a4 _ 
Taking torque about P we get 
~ 10.35 24 
j r= a i+5t” jm 
mg ne N, x/sin® 
- xls 10077 +104 ms! 
N, tan@= = at 
2 i ; . 
.”. (d) is correct a= a 20ti +10 jms” 
19. ) Applying conservation of angular mumentum about 
the axis Att=Is 
(ie, 
8m M o9R* 80 M > 8 fr) =—it+Sjm : 
2 ~~ 2 eRe —— wig eee —/y cess t=] J 9 
pe REE in ge sae ogy ae” Ss ap ? 
AR ¥,- =107 +107 ms! 
~ 8 | Bia =i +j kgms™ 
D is the correct option . . ; 
20. (a,c) In AOAM, om = VI? +a” = V2ha? +a? =Sa Meese ae 
The circumference ofa circle of radius OM will be 27(5a) ; j k 
= 10na. 
Fos sd | 1 n _ 
L=rxp= 10 5 0 -i| 0 -s|=-3% kgms 
SmVel 3 3 3 
1 1 0 
F=ma=(2i+/j)N 
i jk 
a 0 ~1 10 20 
For completing this circle once, the smaller disc will =a cs 5 Oj=k e- 0 =——kNm 
2 1 0 


107a 
have to take = 5 rounds. 


27a 
Therefore the C.M. of the assembly rotates about z- 
axis with an angular speed of w/S. 
The angular momentum about the C.M. of the system 


eae. 
2 
+ 3 <4mx(2a)" fxo= eS 


mxoat+4mx2@a 9wa 
Now <=... &°.».»+- ~ 


Sm 5 
stk _ml+4mx2l_ 91 
ore Sm 5 
ee Smx9oa | 91 > 24 


= = $8lmwa a 


E. Subjective Problems 


_ mM 

T—mgcos§ = 7 0 
mv" 

— pf es cos ad (1) 


In AOPM, COS Qo = = pepe ceren re ee a 


level for P.E. mg mg cos 8 


=> OM= fcos8q 


In AOP'M', cos 8 = OM 


=> OM'= fcos® 
OM'-— OM = f(cos®—cos Qo) 


Loss in potential energy = Gain in kinetic energy 
(ActivityP to P’) 


p-S-54 


= mgl(cos0—cos§) = =v 
= y2 — 2¢l (cos 0 — COS 80) vee (ii) 
From (i) and (ii) 

m 


T= eer eon OS IB COs 


T= 3mg cos 8 — 2 mg cos 
=> T=mg(3 cos@ —2 cos 0) 


From equation (1) it is clear that the tension is maximum 
when cos@ =11.e., 9 =0° 


Hence, T.,. = 7 +mg .. (iii) 
From egn. (11) 
v= 2¢f(1—cos@p) ... (iV) 


From (111) and (iv) 


T= [2g (1—cos 6y)] + mg 


max 
T nax = 2g — 2mMg COS Oy 
80 =3 x 40-2 x 40 cosOo 


] 
= 80 cos8)=40 > COS U9 = > => 8 =30° 


Suppose mass m moves around a circular path of radius r. 
Let the string makes an angle 0 with the vertical. Resolving 
tension 7, we get 

and, TsinO0=mrw-_... (i) 


Tcos@=mg _... (il) 
ro” 
tan 9 = —_ 
4 


r 
From diagram, sin @ = 7 


=> r= fsin8 


tan 8 = (sin —— 
& 


oe Ns Bus | g 
fsin®@ Ccos® 
1 |] 8 7 
ane 2n \ £cos® ay) 
From (11), 7'cos 0 = mg. 
For M toremain stationary, 7= Mg 
Mg cos 8 = mg 
> 6= uli 
cos @ = 77 ... (IV) 

From (iii) and (iv). v= 1 jgM 

rom (111) and (iv), v rae | ree 
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Let o be the mass per unit area. 
Then the mass of the whole disc = o x 7 R? 
Mass of the portion removed = o x 17° 
R=28 cm; r=21 cm; OP=7 cm 
Taking Oas the origin 
The position of c.m. 

_ MX —M2X2 


m —m4 


: oxmtR?(0)—ox ar’ x7 


onR* —onr’ 
2 
_ = = __21%21x7 ga 
(28) —(21) 7x 49 


This means that the c.m. lies at a distance of 9 cm from the 
origin towards left. 

C.M. of the system of two bodies in situation (1) in 
x-coordinate 


Oy Situation (1)  +*X 


Situation (2) 


C.M. of the system in situation (11) in x-coordinate is 


M xxo+Mx xp . 
ae 5) ... (Il) 
Mim 
Since no external force 1s in x-direction 

= ' 
Xc~Xe 


' 


on 


_ mx _ m(R-r) 
2 M+m M+4+m 
Applying conservation of linear momentum, 
Initial Momentum = Final Momentum 


0=MV-mv 
MV (iii) 
= — .... (I 
i m 


Applying the concept of conservation of energy, we get 
Loss in PE. of mass m= Gain in K.E. of mass M and Gain in 
K.E. of mass m 


l l 
=> mg(R-r)= —MV* +=mv* 
2 2 
M?V? 
=> 2mg(R-r)=MV*+m [from (iii)] 
m 
2, M*V? 
=> 2mg(R-r)=MV+ 
m 
M +M 
2mg (R—r) = MV | MV? mem 
m m 
*o(R— 2g(R—7) 
2m g(R r) _ 2 = V=m 
M(m+M) M(m+M) 
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The angular momentum is given by L= XP, — YP, s | | 
= mlxv,—y,] ear where ¢ is the radius of the sphere 
V 
(x, y) are the coordinates of the particle after time t= 9 and = 
& 
Z 
v,, v, are the components of velocities at that time. Also, J= =mr: 24m O 4.43 m/s 
bf 
For v,. and vy 0 Yo ae he 
- ¥ 2 Putting in equation (1) y BoC 
= vycos45 =—= 
wren le, 
1 4,1(2. 9\v 
Vo mg(2.4-1)=—mv (2 mr 3 
A 2 2\5 r2 


2 
(The horizontal velocity does not change with time) 
Applying v= + atin the vertical direction to find v, 


: 5 V Vv 
Vv =(vp sin 45 )-2(%2) = 0 Pd) opera! eae 
° yp Pg 


For x andy 
In horizontal direction x = v, xt 


Yo Vo | vo 


x= —=x— = 
V2 g 2g 


| 
In vertical direction applying S=wut+ 5 at 


Vo Vv 1 ve ve ve 


et, ts ae 4 ——— -_--_ 
"2g 2% 92 2g 2g 
Putting the values in the above equation 


Vor v eae oe 
eG) as 
3 3 3 


3 
Vo Vo Vo vo 
Lan |. ee 
38 J2¢ 22 = 


- m0 1 -=,| pe _mv 
g |2v2 2 2/2 g 
Now, L=rx Dp 


Note : The direction of Z is perpendicular to the plane of 
motion and is directed away from the reader. 


e 
LL Rp 


KEY CONCEPT : Appiying iaw of conservation of energy 
at point D and point A 

P.E. at D=P.E. at Q+ (K.E.),+ (K.E.)p where 

(K.E.),= Translational K.E. and (K.E.), = Rotational K.E. 


Te ee eee 
=> meg(24)=meg(1)+ mm ae ..(1) 


Since the case is of rolling without slipping 


v=ro 


Tv 
Or, nae => v=4.43 m/s 


After point Q, the body takes a parabolic path. 
The vertical motion parameters of parabolic motion will be 


u.=0 S.=1m 
ye F y 
a, 9.8 m/s ty ? 


pene 1=4.922 
= ut + > 1=4945 


1 
t = ——-=0.45sec 


y V4.9 

Applying this time in horizontal motion of parabolic path, 
BC=4.43 x 0.45 =2m 

Note : During its flight as a projectile, the sphere continues 
to rotate because of conservation of angular momentum. 
Initial Kinetic Energy 


1. >» 1. 9.1 2 
= mv +=mMyv7 +—MV 
BM a 


= 0.08 x10? + 0.08% 674+0=544) (i) 


Applying law of conservation of linear momentum during 
collision 
mM, XV, +My X Vo =(M+m,+m,) V, 
where V, is the velocity of centre of mass of the bar and 
particles sticked on it after collision 
0.08 x 10 + 0.08 x 6=(0.16 + 0.08 + 0.08) V,, 
=> V.=4m/s 

Translational kinetic energy after collision 

= 5 (M +m +m, WV? = 2.56J ... (ii) 
Applying conservation of angular momentum of the bar 
and two particle system about the centre of the bar. 


P-S-56 


Since external torque is zero, the initial angular momentum 
is equal to final angular momentum. 
Initial angular momentum 

= MV, XX—MyVX 

= 0.08 x 10 x 0.5—0.08 x 6 x 0.5 

=0.4—0.24=0.16kg ms (In clockwise direction) 
Final angular momentum = Jw 


Me ; . 
= + Myx” +Myx” |@ 


12 


12 


=0.08 
0.08 w= 0.16 > m=2 rad/s 
The rotational kinetic energy 
l 


1 
5 fo = 5 «0.08 x27 =0.16J ... (iv) 


The final kinetic energy 
= Translational K.E. + Rotational K.E. 
=2.56+0.16=2.72 J 
The change in K.E. = Initial K.E. — Final K.E. 
=5.44—2.72=2.72 J 
(a) Let us consider the system of homogeneous rod and 
insect and apply conservation of angular momentum during 
collision about the point O. 


2 
: soxase +0.08 x (0.5)? + (0.08) (0.5) f 


... (iii) 


My 


VY 


A O B 
L/4 


k¢— |. /2 —_ 


Angular momentum of the system before collision = angular 
momentum ofthe system after collision. 


L 
Mvx —=I1o 
vx 4 


Where / is the moment of inertia of the system just after 
collision and @ is the angular velocity just after collision. 


2 
=> me lu( shat 


4) 12 
L MET1 1 Mi? [3+4 
- (xs ee oe 
4. 4/4 3 4112 
Mi? 7 25 12 v 
= Xx—x@ o=—-. 
4 12 TL 


(b) Note : Initially the torque due to mass OB of the rod 
(acting in clockwise direction) was balanced by the torque 
due to mass OA of the rod (acting in anticlockwise direction). 
But after collision there is an extra mass M of the insect 
which creates a torque in the clockwise direction, which 
tends to create angular acceleration in the rod. But the same 
is compensated by the movement of insect towards B due 
to which moment of inertia J of the system increases. 
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Let at any instant of time ¢ the insect be at a distance x from 
the centre of the rod and the rod has turned through an 
angle 9 (= ft) w..t its original position. 


Instantaneous torque, Ws, 
Ass 
dL d aN 
= — = —_-(/q@ hie in 
aser? Pm ) i M 
ae 
dt 
of 
dt 
=2Mox— 


This torque is balanced by the torque due to weight of 
insect. 
t = Force x Perpendicular distance of force with axis of 
rotation = Mg x (OM) 
= Mg (x cos®) 
From (1) and (11) 


...(ii) 


dx 
2M ox = Meg (xcos0) => dx= (2) cos wt dt 


On integration, taking limits 


L/2 g px/2o 
| dx = —— cos wt dt 
L/4 2@ ° 0 
L 
when x=—,ot=0 
4 
x] * = 8 [sin oe” 
a, oe oe, 0 
T 
when AS ewe al 


= ao aa sin sino 
2 4 ity 2 


L 2 
a Sted 


12 v 12 v 22 7 
——— Eee eS re aE 2eL 
But @ TL OTL zo’ 19 V8 


=> y= v2 10x1.8=3.5 ms"! 


(i) Initially, the rod stands vertical. A straight disturbance 
makes the rod to rotate. While rotating, the force acting on 
the rod are its weight and normal reaction. These forces are 
vertical forces and cannot create a horizontal motion. 
Therefore the centre of mass of the rod does not move 
horizontally. The center of mass moves vertically 
downwards. Thus the path of the center of mass is a straight 
line. 
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(ii) ‘Trajectory of an arbitrary point of the rod 

Consider an arbitrary point P on the rod located at (x, y) and 
at a distance r from the end B. Let @ be the angle of 
inclination of the rod with the horizontal at this position. 


In ABNP, sin@ =~ ... (i) 
r 


x+BN x+rcos0 
os8 = = ——___—_ 
ey E/2 


This is equation of an ellipse. 
(i) The drum is given an initial velocity such that the block 
X starts moving up the plane. 


As the time passes, the velocity of the block decreases. The 
linear retardation a, of the block _X is given by 


mg sin®0—T = ma ... 0) 
The linear retardation of the block and the angular 
acceleration of the drum (a) are related as 

a=Ra ... (il) 
where R is the radius of the drum. 
The retarding torque of the drum is due to tension 7 in the 
string. 

t=IxR 
But t = Ja. where /= M_I. of drum about its axis of rotation. 


l ] 
Tx R= = MR ... (ili) |. i= MR | 


l 2a 2T 
F ii), TZR= —MR* — > a= — 
rom (11), 5 R a 


Substituting this value in (1) 


11. 


Pp-S-57 


i T=m~x 20 i =(142")r 
mg sin@-—i=m ry, > mgsin§ = uM 


_ (mgsin®)xM — 0.5 x9.8xsin30° x 2 
—  M+2m 24+2x0.5 
(ii) The total kinetic energy of the drum and the block at 
the instant when the drum is having angular velocity 


10 rads“! gets converted into the potential energy of the 
block. 


=1.63N 


(KE Rotational drum Bs (KE - Translational block = mgh 


2 


l l 
— Jo" gard = mgS sin® 


2 


1 ] 
slo +>m(Ro) =mgSsinO [*: v= Ro] 


| | 
= SMR ow +> mRo = mgS sin® 


1 R°@*(M+m) _ 
2 mgsin®@ 


S 


1 : 0.2 x 0.2 x10x10(2+4+0.5) 
2 0.5 x 9.8 x sin 30° 
During collision, the torque of the system about P will be 
zero because the only force acting on the system is through 
P (namely weight of rods/mass m/reaction at P) 


=1.22m 


Given: =0.6m - 
m,=0.01 kg 
mp = 0.02 kg m,|4 
m=0.05kg 
21 
dL 
Since, T= —andt=0 
dt B 
Mp 
= Lis constant. y 
O—> 
m 
Angular momentum before collision =mv x2... (i) 
Angular momentum after collision = Jo ... (1) 


Where /is the moment ofinertia of the system after collision 
about P and is the angular velocity of the system. 

M.I. about P : J, = M_I. of mass m 

I,=M._L. ofrodm, 

I,=M.L. ofrod m, 

[=1 Pid, 


p-S-58 


LZ. 


= tne +m, 6+] +Mp Gaal 


= ame” tomge Engl = 0.09kg m* 


From (i) and (11) 
I@=mvx 20 
—mvx2l 0.05xvx2x0.6 _ 
> oF F =———ho9. 0-67 v 


Applying conservation of mechanical energy after collision. 
(Using the concept of mass) 
Loss of K.E. = Gain in P.E. 


ome. (£) (34) 
—1I@" = 20) + —|gt a 
5 mg(2l)+m, 5) E+ MB8\ 5 


=> > x 0.09 x (0.67) 


= 003 x 2+-0.01x5+002%> |x98x0.6 


=> v=63m/s 

(a) Let the original position of centre of mass of the 
cylinder be O. While rolling down offthe edge, let the cylinder 
be at such a position that its centre of mass is at a position 
O'. Let ZNPObe 0. As the cylinder is rolling, the c.m. rotates 
in a circular path. The centripetal force required for the 
circular motion is given by the equation. 


2 
mv. 


R 
Where Nis the normal reaction 
and m is mass of cylinder. 
The condition for the cylinder 
leaving the edge is N=0 


mg cos§@ —N= 


9) 2 
Sy ea (i) 
Re as 
Applying energy conservation from O to O'. 
Loss of potential energy of cylinder 
= Gain in translational K.E. + Gain in rotational K.E. 


mg cos 8 = 


l l 
mgh = = mvc +> 10° di) 
Where / is the moment of inertia of the cylinder about O’, its 
axis of rotation, 1s the angular speed, V’, 1s the velocity of 
center of mass. 


Also for rolling, v.= aR 


>o= R ... (itl) 
eee: 
I= rae ... (IV) 


13. 


o—_—_———— —  — — )SEOlopic-wise Solved Papers - PHYSICS 


= mas? ‘ in 5) (J) sm 5] : Oe | 


From (11), (111) and (iv), we get 


mgh = sme + xo mR? ms 
= gh-se+oiaie = 2-2 
In AO'MP, cos®@ = “ 
=> h=R(1-cos@ ) 

2 =“ERI-c0s0) ..(W 


From (1) and (v), we get 


cos@ = Agr | —cos@) 
3Rg 


4 
> 3cos@=4-4cos8 => cos0= 7 


(b) From (v) speed of C.M. of cylinder before leaving 
contact with edge. 


42R R 4eR 
v2 = 48R(,_4) _ 49 Sng oe 
3 7 7 . 7 


(c) Before the cylinder's c.m. reaches the horizontal line of 
the edge, it leaves contact with the edge as 


0 =cos! - = 55.15° 


Therefore the rotational K.E., which the cylinder gains at 
the time of leaving contact with the edge remains the same 
in its further motion. Thereafter the cylinder gains 
translational K.E. 

Again applying energy conservation from O to the point 
where c.m. is in horizontal line with edge 


1 1 
mgR= sla” +>m(v'e)” 


2 
1 1 5 f fag) 1 > 
= —x—mR* x| ,J/—| +—m(v' 
mgR 7° 9 [ TR) 9 (v'c) 


mgkR 6meR 
=> mgR- ar = Translational K.E. = a 
1 meR 
Also, Rotational K.E. = a «* = ae 
ELAS ANONAN er. 
Rotational K.E. 


KEY CONCEPT : The concept of center of mass can be 
applied in this problem. 
When small sphere / changes its position to other extreme 
position, there is no external force in the horizontal direction. 
Therefore the x-coordinate of c.m. will not change. 

[x = (x 


cm Jinitial "a ouclagal 
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Thin line of sphere represents initial state, dotted line of 
sphere represents final state. 
From (1) 

(% mJinitial ~ cm) final 

Mx + M>5x> _ M,x'}+ Mx", 


M,+M> M,+M, 
4mxL+mx(SR+L)_ 4mxL'+mx(L'—-5R) 
4m+m 4m+m 
=> 5L+5R=5L'-5R 
=> 5L+10R=SL' => [+2R=L' 


Since, the individual center of mass of the two spheres 
has a y co-ordinate zero in its initial state and its final state 
therefore the y-coordinate of c.m. of the two sphere system 
will remain zero. 

Therefore the coordinate of c.m. of bigger sphere is (L 
+ 2R, 0). 

(i) The observer, let us suppose, is on the accelerated 
frame. Therefore a pseudo force ma is applied individually 
on each disc on the centre of mass. The frictional force is 
acting in the +_X direction which is producing an angular 
acceleration a. 

The torque acting on the 
disc 1s 


t=la=fxR 
I 
> f= ai @ 


Let a' is the acceleration of 
c.m. of the disc as seen by 
the observer. Since the 
case is of pure rolling and 
from the perspective of the 


observer a=9 mis +X 
a'=aR ... (il) 
= From(i)and (il) 
Ta’ (ii 
= ... (il 
R2 
Applying Newton's law for motion in_X-direction 
ma —f=ma' 
>q'= (a4) ... (IV) 
m 
Also moment of inertia 
1 
[= 5 mR ..(v) 
From (iii), (iv) and (v) 
foal (« 7 4 
m 
f= 5 =) => 2f=ma-f 


15. 


p-S-59 


) 
=> 3f=ma =f-> — 


=6N_ (In +X direction) 
f =(6i)N 

(ii) The position vector of point VW, taking O as the origin 

r, =—0. lj _—(0.1k and position vector of point N 


‘nm 
ry =0.1j7—-0.1k 
The torque due to friction on disc 1 about O 
t =ry x f =(-0.1j-0.1k) x (63) 
= 0.6(k—j)N—m 
The torque due to friction on disc 2 about O 
ty =ry x f =(+0.17—-0.1k)x (61) 
= 0.6(-j-k)N-m 
The magnitude of torque on each disc 
| |=|t> |= 0.6V2 N-m 
(a) 


Resolving the force F acting on the wedge 

F = F cos 30°; F\ = F'sin 30° 
Note : The collision is elastic and since the sphere ts fixed, 
the wedge will return back with the same velocity 
(in magnitude). 
The force responsible to change the velocity of the wedge 
in X-direction is F,. 

Fx At=mv—(—mv) 
(Impulse) = (Change in momentum) 


2mv 2mv 4mv 
= => fF cos 30°=——_ > F= 
a At J3 At 


~*~ At 
In vector terms 


F = F,i+ F, (-k) = F cos30°%+ F'sin30°(-k) 


=F x 4300 yk 
2 2 


— -F ~ a Qmv nA 
>. fa (V3i-k) Far 3! k) 
Taking equilibrium of force in Z-direction (acting on wedge) 
we get 

ft +mg=N 


PF Z 
=> N= = +mg =———+me - 


2 V3At 


N= [ mld +mg i 
V3At 


-- 
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(b) Taking torques on wedge about the c.m. of the wedge. 
F x h—Torque due to N+ mg x 0=0 
4mv 


= Torque due to N=F x h= ae 


KEY CONCEPT : During the fall, the disc-mass system gains 
rotational kinetic energy. This 1s at the expense of potential 
energy. 


Reference 
level for PE 


Applying energy conservation 
Total energy initially = total energy finally 


2R 2R a) 
m +7) +m [e+ 24) =mgR+—Io 
: ( ye ae 
Where J = M_I. of disc-mass system about PO 


10R_ 6 3 
+me—=meR+—Io~ > 3meR= —1@ 
q, Rg ee CES 


o= cee i 


Dpo = Uaisc)po + Cmass) Po 
atu (8) a) 


l 
[°. MI. of disc about diameter = {MR ] 


2 


mg * 


— mR*[44+14+25] _ 15mR? 
a 16 8 
From (1) and (11) 


6mgRx8 _ |16g 
OV ismR2 VSR 


Let v be the velocity of mass m at the lowest point of rotation 


R 16g 5R 
— — aa — XK 5 R 
v of +4] v sR 4 V8 


The man applies a force Fin the horizontal direction on the 
plank as shown. Therefore the point of contact of the plank 
with the cylinder will try to move towards right. Therefore 
the friction force F will act towards left on the plank. To 
each and every action there is equal and opposite reaction. 
Therefore a frictional force f will act on the top of the cylinder 
towards right. 
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Topic-wise Solved Papers - PHYSICS 


tf 


a 


. f =I ty 


i va 


Direction of f" : A force fis acting on the cylinder. This force 
is trying to move the point of contact P towards right by an 
acceleration 


a a acting towards right. 


At the same time, the force fis trying to rotate the cylinder 
about its centre of mass. 


fxR=Ixa 
> a= ce = acs = Ee in clockwise direction. 
4 l 
2 
a, +aR= ee x R= oe a 1.e., towards left. 
cm M, MR M, 


Therefore, the point of contact of the cylinder with the 
ground move towards left. Hence friction force acts towards 
right on the cylinder. 
Note : You can assume any direction of friction at the point 
of contact and solve the problem. If the value of friction 
comes out to be positive, our assumed direction is correct 
otherwise the direction of friction is opposite. The above 
activity is done so that if only the direction of friction is 
asked, an approach may be developed. 
Applying Newton's law on plank, we get 

F —f=my,a, ... 0) 
Also, a, =2a, ... (i) 
Because a, is the acceleration of topmost point of cylinder 
and there is no slipping. 
Applying Newton's law on cylinder 

M,a,=ftf ... (iil) 


The torque equation for the cylinder is 


sie >( 3) 
—f'! os —-—M,R x) 
fxR-f'xR=Io an R 
T= AMR? = 
[i= Pas and Ra=a, | 
| l 
LR STS Met eA) 
Solving equation (111) and (iv), we get 
3 
| i ql snl) 
| 
and f= Fat ... (6) 


From (1) and (111) 
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fe ee 
3M, + 8m, a) 3M, + 8m) 
From (v) and (vi) 


a, 


4F 3FM, 


3 
f= —M, Kero 
4 3M, + 8m) 3M, + 8m) 


FM, 
3M, = 8m 


l 
And f'= a x ay = 
18. [.=1.2kg-n’ 


Let y be the distance of c.m. from line AB. 
Applying parallel axis theorem of M_I. we get 
M.I. of laminar sheet about AB 


[p= 12+30Y .. (i) 
The angular velocity of the laminar sheet will change after 
every impact because of impulse. 
Impulse = Change in linear momentum 
6=30(V,-V,) 
6= 30 x y(@,— ,) .. (il) 
Also, changein angular momentum = Moment of Impulse 
[, Br I ,3®; = Impulse x distance 
I AB (@y— 0,)=6 x0.5=3 


O,= —— +0; = ——> + (-]) ... (ill 

f L 4B 1.24+30y* Oy 
Note : Minus sign with w, because the direction of laminar 
plate towards the obstacle is taken as — ve (assumption). 
From (ii) and (111) 


20. 
6=30 | ah 


1.2+30y7 


3 
1 =5y | —— 
»| | 


1.2+30y° = 5y [+3] = 15y 

30y7— 15y—1.2=0 
On solving, we get y=0.1 or 0.4 

w,= 1 rad/s if we put y = 0.1 in eq. (11) 
And @,=0.5 rad/s if we put y = 0.4 in eq. (11) 

(Not valid as per sign convention) 

Now, since the lamina sheet comes back with same angular 
speed as that of incident angular speed, the sheet will swing 
in between P and Q infinitely. 


19. 


(a) The mass B is moving 
in a circular path centred at 
A. The centripetal force 
(m € m*) required for this 
circular motion is provided by 
F''. Therefore a force F'' acts 
on A (the hinge) which is 
equal to m £ w*. The same is 
the case for mass C. 
Therefore the net force on the 
hinge is 


| a VF e4+ F'*+2F'F'cos60° 


F..= [2F242F ex ~ 3F'= J3 mlw? 


(b) The force F acting on B will provide a torque to the 
system. This torque is 


v3 
x ———<—=_—=> 


oy ee ( F =) 
a 4 me = 
The total force acting on the system along x-direction is 
ah ee - | 
This force is responsible for giving an acceleration a, to the 
system. 


Therefore, 
F+(F nee =3m(4,) om 
ee ee re ee 
OG CC a gee ae 
3F 
= 4 - (Fret)x = 4 


(F net)y remains the same as before = V3 mo”. 
_ dL 
We know that Tt = ae 


> txdt=dL 
When angular impulse (tx dt) is zero, the angular 


momentum is constant. In this case for the wooden 
log-bullet system, the angular impulse about O is constant. 
Therefore, 
[angular momentum of the system], __;...) 

= [angular momentum of the system], 
> mvxL=I1,x@ ... 0) 
where /, is the moment of inertia of the wooden log-bullet 
system after collision about O 

rf = wooden log 23 Jeullet 
= = ME? + MI’ (ii) 


From (1) and (11) 
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mvxL 


L 
a rr => Mex Bee TP aE NECOSY 
Me +m 


Wiess0 = eb 


M; 
_ om 3am => f= —— 5 = Neot0- cot 0 
ML] (M+3m)L or 
ao (2) Me 
=> J ——— |cot@ 
21. Applying F,., =ma in X-direction 2 
mg sin 9 —f= ma ... (1) > g 
The torque about O will be ‘ a => f= (aw +m) g| coté 
tT=fXR 
ake _.. (ii) 23. KEY CONCEPT Since the plate is held horizontal therefore 
As the case is of rolling net torque acting on the plate is zero. 
a=ak m 
>a = = .. ii) 


la 
From (ii) and (ii), f= a 
Substituting this value in (1), we get 


6 la 
mg sin® — — =ma 
R2 


mgsin8  mgsin@ 2 


> a= =—gsin®O 
ul 1 mR* 3 b 3b 
n+ See —-fF — 1 
R? ear a => Mex 5 x Fi (i) 
_ dp _ 5 és 
E f= = mR? fox solid ender LS ee x (2mv) x ax > ... (Il) 


| F and (ij 
22. The various forces acting on the ladders are shown in the rom (1) and (1) 


figure. Ds b | 36 
Since the system is in equilibrium, therefore Mee ad a ae 2” 4 
LF, =0 3x2 
=> Mg+mg+Mg-N+N => 3x10=100x2x0.01xvx1x 
Y 
1 => v=10m/s 
X 
F. Match the Following 
1. A-(p,t); B>(q,s,t) ; C>(p,r,t) D> (q, p) 
N N 
A f f 8 
2M+m 

> yeCMime ig 


Considering the rotational equilibrium of one ladder as 
shown in figure. Calculating torques about P 


As the velocity is constant 


f=mesmO@ oan. (1) 
But f=uN=pumgcos6  —.... (ii) 
From (1) and (11) 
A f M umgcos8=mgsin8 > p= tand 


Me x PO+ fx PM=N x OP 


Rotational Motion 


(q) 


(r) 


(s) 


The force by _X on Y is the resultant of fand N and is 
equal to 


Vf +N? = p2N? 4N? =p? +1N 


= (V tan? 6+1) mg cos®@ = sec Omg cos 8 = mg 

= weight of Y. 

Therefore statement (a) is correct. 

Now, due to the presence of frictional force between Y 


and_X, the mechanical energy of the system (X + Y) 


decreases continously as Y slides down. 
Therefore statement (c) 1s correct. 

As the lift moves up, X also 
moves up and therefore the 
gravitational energy of X is 
continously increasing. 
option (b) is correct. 

The torque of the weight of Y 
about P is zero as the 
perpendicular distance of the 
line of action of force from the 
point P is zero. 

Option (d) is correct. 

The force exerted by X on Y will be equal to 


Mg + Mg =2mg where Mg is wt. of Y and Mg is the 


force on Y due to Z. 
Option (a) 1s incorrect. 


In this case the force exerted by_X on Y is same as the 
force exerted by Y on_X. The force on_X due to Y is 


R= (Mg)? + (mp +M)gP #Mg 


Mg 


No§ 
R 
Mg 

Therefore, option (a) is incorrect. 
The mechanical energy of the system (YX + Y) 1s 
continously decreasing as the system is coming down 
and its potential energy is decreasing, the kinetic 
energy remaining the same. 
Therefore, option (c) 1s correct and (b) 1s incorrect. 
The torque of the weight of Y about P is not zero. 
The force on Y by X is equal to the wt. of liquid 
displaced which cannot be equal to Mg as the density 
of Y is greater than density of X (As Y 1s sinking) 
Therefore, option (a) 1s in correct. 
The gravitational potential energy of X increases 
continously because as Y moves down, the centre of 
mass of X moves up. 
Therfore option (b) is correct. 


4. 


(t) 


(a) 


(b) 


(d) When the disc is at a 


“, -2kx + f=—Ma, 
where a, =acceleration ofcenter Position 1, 


P-S-63 


Sphere Y is moving with terminal velocity. Therefore, 
the net force on Y is zero 1.e. 

Mg =B+F, 
where B = buoyant force and F’, = 
viscous force. 
B+ Fare exerted by_X on Y. 
Therefore, option (a) 1s correct. 
The gravitational potential energy of X 
is continously increasing because as Y 
moves down, the centre of mass of X 
moves up. 
Option [b] is correct. 
The mechanical energy of the system (XY + Y) is 
continously decreasing to overcome the viscous 
forces. 
Option (c) is correct. 


BF, 


Mg 


G. Comprehension Based Questions 


For disc A 

1 1 

—kx? =—1 (20) 

2 2 

) 5 20 

=> kx =2lo ... 0) 
For disc B 

LS ee) 

2 2 

> ks =10* ... (ii) p 


On dividing (1) and (11), we get 
kx? 21? x 
79g = v2 
kx5 I@ X49 

When disc B is brought in contact with disc A 

Let w' be the final angular velocity of both the disc 


rotating together. Apply conservation of angular 
momentum for the two disc system. 


I(2@)+ 21(@)=U+2)0' > o'= =o 


Torque on disc A 


4 
bad, a eee 


VW 
t t t 3t 
Note : The negative sign represents that the torque 
creates angular retardation. 
Loss in kinetic energy = (K.E.)...4:4; —(K-E-) gaat 


ec ae ere ee 4) 
=| F120) Pe eho® | evan($o) | 


2 
ee 
3 3 


distance x from the mean 
position (equilibrium 
position), the forces 
acting on the disc are / 
shown in the figure / 
(1) Mean ,% 
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7. 


1. 


of mass. Also the torque acting 
on the disc about its center of 
mass C ist =fx R=Ix Ol, 


RRR 
l ae — 
Be are MR? anda, = Ra, for rolling without slipping] 


| 
.. f= > Ma, 


From (1) & (11) 


ii) 


1 
—2kx + 5 Ma,=— Ma, 


3 4kx 
= 3 Ma = 2 kx Bee eee 


=> Net external force acting on the disc when its centre of 
mass is at displacement x with respect to the equilibrium 


me Akx .. oe 
position = ae directed towards the equilibrium. 


(d) As derived in ans 4. 


4k 
IF rill ae 
For S.H.M. Fe! =Mox 
4k 
Miers es ees Gi 
3 3M 


(c) From (i) & (1) 
=> 2kx+f=-2f> poate 
We see that the frictional force depends on x. As x 
increases, f increases. Also, the frictional force is 


maximum at x = A where A is the amplitude of S.H.M. 
Therefore the maximum frictional force 


Tmax 3 <A 


The force should be utmost equal to the limiting friction 
(uMeg) for rolling without slipping. 


2k 
. uMg = aoe ....{IV) 
For S.H.M. Velocityamplitude=A@ .. V,=A@ 
3uMg 
2 Vee ak 0) from (iv) 
oa ae eee ith 
P 2k 3M 
3M 
Mon BEY 


(a) Axis of rotation 1s parallel to z-axis. 
(d) Since the body is rigid, w 1s same for any point of the 
body. 


H. Assertion & Reason Type Questions 


(d) Statement 1 : For velocity of centre of mass to remain 
constant the net force acting on a body must be zero. 
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Therefore the statement 1 1s false. 
Statement 2 : The linear momentum of an isolated 
system remains constant. This statement 1s true. 

(d) The acceleration of a body rolling down an inclined 
plane is given by 


_ gsind 
7 I 
1+ 
MR? 
2 
For hollow cylinder ee 
MR? MR? 
l 
1 5MR° 
For solid cylinder _ 2 — — 
MR* MR? 2 


= Acceleration of solid cylinder 1s more than hollow 
cylinder and therefore solid cylinder will reach the 
bottom of the inclined plane first. 

.. Statement -1 1s false 

¢ Statement - 2 

In the case of rolling there will be no heat losses. 
Therefore total mechanical energy remains conserved. 
The potential energy therefore gets converted into 
kinetic energy. In both the cases since the initial 
potential energy is same, the final kinetic energy will 
also be same. Therefore statement -2 1s correct. 


Il. Integer Value Correct Type 


6 
Let the center of mass of the binary star system be at the 
origin. Then 


2.2 M. c.m 11M, 
origin 

_ 2.2M ,(-x)+11M,(d—-x) 

7 2.2M, +11M, 


5d 
=> 0=2.2M, (-x)+ 11M, (d-x) => x==— 


For a binary star system, angular speed w about the centre 
of mass is same for both the stars. 


2 2 
2.2m, { %4) o+tim, {2 x @ 
; “otal = 6 6 


L 2 
‘7 im,(4) x © 
6 
4 


Under the influence of the force of stick (2N), the point of 
contact O of the ring with ground tends to slide. But the 
frictional force f, does not allow this and creates a torque 
which starts rolling the ring. A friction force f, also acts 
between the ring & the stick. 

Applying F., =a in the horizontal direction. We get 
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2—f,=2x0.3 . J=lAN 
Applying t = /a about C we get 1 59x0.4x0.4x10 
si ; ~ 2 es ead 
(ff) R=la=4— [+ Forrollinga=Ra] 5 *50%0.4x0.442[2x6.25x0.2x0.2] 441 
0.3 , 6. (4) Byconservation of angular momentum 
, [1.4-px 2] x0.5=2 x (0.5) x 05 be I= MR’! 2 (mvr) = Io 
W=04 | 
; 2x0.05x9x0.25= 5x 0.45 x (0.5) x@ 
Given w= 10” Pp=4 “ @=4rads7! 
7 7. Q) 3|Fxrx+l=/ 
Let the four spheres be A, B, C, & D - (2) aoe ai me 
yy =1, +I] gtIotlp=21,+ 2, —, 
_ 2| aR? + Ma? | +2] 2? 3x0.5x0.5x> = 5X 15x0.5x0.5xo 
5 5 >a=2rads"! 
no % @=)tat>o=0+2x1=2rads! 
eileen C 
Ot _ ad 
| ! 8. (7) Total kinetic energy ofa rolling disc = 5 mv a 5 Io 
4cm : yy | \ 9) 
ra Ad. ! ee uke u [< ma? ae 
cam a 
A _— 3 
Y K.E= 4” 
8 
=4x 2 MR? +2Ma* =M Ba + 2a)? For surface AB 
> 5 k.E,+ loss in gravitational potential energy = K.E, 
2 3 3 , 
= 05 3,{ =| 42x81x107 qm) + mg(30)= ame (1) 
5 (2 For surface CD 
= A —4 3 3 : 
= 0.5[2+16]x10~4 =9x10 gin (v2) + mg (27) = 7 mV 5 ..{ii) 
. N=9 ; 7 ; - 
4. 3. Leto be the surface mass density. Then Given Vp= V’p. Theretore from (1) and () 
1 3 2 _3 2 
Ip = 5 alm(2R)"]x(2R)” = 4m (3) + mg x 30= 4m (v,)° + mg x 27 
Vga 7 


Fonr’y +o(aR®)xR? | R 
2 (6) 1={(dm)r? 
13 


sea te 4 0 
a R os >» 
Ip = 8m R4+ on(2R)? x (2RY : poe dr xr 
1 22 2 ( 2 i R 
— R“)R“ +o0(1R 2R) +R 
3 o (nR“)R* +.0(nR*)((2R) . 1=4n for’ Pe 
0 


= 2noR1-5.50nR*=18.5 726 R* 


. r 4nKk : 
Ip _18.5n0R" _ 37 _ ‘ I4=4n [koxr" dr=—— |r dr 
lo eo GR! 13 : : 
ae 4nK { R® R 
5. 8 Applying conservation of angular momentum = pk see =4nk va 
1,@, = 1,0 
| MIR? I an fx (4) ra 4nK | RY R° 
still BT at = x —_—_ = — 
ere a ) \R R10 10 
-. M9 a 


1 {5 MR? + 2[2m0?)| , see 
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a 
3. ©) 
4. (¢) 
5. @) 
6. (a) 
7. @) 
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Bl Section-B 


1. (c) Whentwo small spheres of mass m are attached gently, 


the external torque, about the axis of rotation, is zero 
and therefore the angular momentum about the axis of 
rotation 1s constant. 
if 
ee 1, = [n@> > 02 =O 
ly 


1 l 
Here If = 5 MR and I, = = MR +2mR? 


| yr? ry, 
. O97 = 2 XO, = Wain” 
— MR2 + 2mR? ee 


For negotiating a circular curve on a levelled road, the 
maximum velocity of the car is v= Jurg 

Here p= 0.6, r= 150 m, g=9.8 9. 
“. Ving V¥0.6X150X9.8 ~ 30m/s 


The velocity of efflux 1s given 


Where / 1s the height of the free surface of liquid from 
the hole 


“v= J¥2x10x20 =20m/s 


The velocity of centre of mass of two particle system 1s 


given by 10. 


MV, + M7V>o m m 
Ve = e—_—> <—_e 


m +m 2v ¥ 


—_ m(2v)+m(-v) _ v 
m+m 2 
This is a case of sliding (the plane being frictionless) 
and therefore the acceleration of all the bodies 1s same 
(g sin 8). 
M. I ofacircular wire about an axis nn' passing through 


the centre of the circle and perpendicular to the plane 
of the circle = MR? 


| h ‘ 11. 
12. 
X 


As shown in the figure, X-axis and Y-axis lie in the 
plane of the ring . Then by perpendicular axis theorem 
yt l=, 


=>21,=MR? [-:1,=1,(bysymmetry) and/,=MR?] 43. 
L agp? 

“Ly= uae 

Angular momentum (Z) ca 


= (linear momentum) x (perpendicular distance of 
the line of action of 
momentum from the axis of rotation) 
[Here r = 0 because the line of 
action of momentum passes 
= through the axis of rotation] 


mass(M ) 
volume(V ) 


(di) We know that density (d)= 


M=dxV =dx(nR? xt). 


ft 
The moment of inertia ofa disc is given by / = = MR° 


: fea x t)R? Ny a 
2 2 
tx Rt | 


Iy _ tyRy 325 
64 


ly 42Re 


t 4 
—x(4R 
7 x AR) 


1 L 
(a) KES To" , but L= Ia => T= — 


Lx@ 


~— L'x@' 


We know that t=7xF 
The angle between Tt 
and 7 is 90° and the 7 
angle between t and 


F isalso 90°. We also 

know that the dot % 

product of two vectors 

which have an angle of 

90° between them is 

zero. Therefore (d) is the 

correct option. 
(b) Angular momentum will remain the same since external 
torque Is zero. 
The moment of inertia of solid sphere.A about its diameter 


(d) 


(a) 
1, = = MR | 
The moment of inertia of a hollow sphere B about its 


Z 
diameter /3 = = MR. v1 < Ip 


Does not shift as no external force acts. The centre of 
mass of the system continues its original path. It is only 
the internal forces which comes into play while breaking. 
The disc may be assumed as combination of two sem1 
circular parts. 

Let J be the moment of inertia of the uniform semicircular 
disc 


(a) 


(c) 


Mr? 
2 


Mr? 


= 2/= Sf= 
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20. (b) Let the mass per unit area 
<————__ ( ———_» 
5. @ ee PN 
(0,20) Then the mass of the 
complete disc 
—_ae = 6[n(2R)*] = 4nGR? 
0, 0) | 20 
y The mass of the removed disc =o(nR7) = noR* 
| Let us consider the above situation to be a complete 
(0, 0) disc of radius 2R on which a disc of radius R ofnegative 
C mass 1s superimposed. Let O be the origin. Then the 


To have linear motion, the force F has to be applied 
at centre of mass. 
1.e. the point ‘P’has to be at the centre of mass 

_ my +MY _m x2l+2m~x l _ Al 

— omtm mB 


16. (c) Initially, 
<x <x) > 


m m 
Ovorigin) ° 
ccc rn te A) 
. m +m 
Finally, 
The centre of mass 1s at the origin 
x-d xd’ 
d <—<s—_—s—'—*po9' 
my O (origin) m2 
= MG = 41) + m7 (x2 =A) 
m +m) 
easel 
=> 0=md-—mx, +m)x,-md' 7 d'= a 
[From (1). ] 
17. (c) 
n 


Se 
Ms 
* 


[ 7 MI due to the point mass at B + 
M.I due to the point mass at D + 
M.I due to the point mass at C. 


2 
In =2Xm (= + m(V20)" 


= ml? +2ml* =3mel2 


18. (b) Torque t =r xF =(j-i)x(-Fk) =-F(?+j) 
19. () Applying conservation of angular momentum /'a' = Jo 


(mR? + 2MR7)a' = mR? 


; m 
>o'=@ 
| 


21. 


22. 


Z3. 


24. 


(b) 


(d) 


(d) 


Lic 


above figure can be redrawn keeping in mind the 
concept of centre of mass as : 


2 R 
4no0R <————. 
2 
O —toR 
(4noR? x 0+ (-noR? ] R 
xX = CC 
me AnoR* — noR? 
. _ —moR? x R bed Be eas 
ca 3noR* es 3 3 
This 1s a standard formula and should be memorized. 
__gsind- 
1+ —_ 
MR 


Bee Es 
We know that 1, = — 
t 


where To torque about the center of mass of the body 


and L. = Angular momentum about the center of mass 
of the body. Central forces act along the center of mass. 
Therefore torque about center of mass 1s zero. 

When To =0 then is = constt. 

By the theorem of perpendicular axes, 

Re ere Or, L=21, 

C= i by symmetry of the figure) 


I . 
- Ipp = Al 
EF => (1) 


Again, by the same theorem 
T= Myct pp = 21, 


C 
= Ipp by symmetry of the figure) -..4.-...-1-«: 
I ’ 
aS (1) 
AC > 


From (1) and (11), we get [-7-=L,¢ . 

e When n=0,x= k-where ki is A constant, This means 
that the linear mass density is constant. In this case 
the centre of mass will be at the midelle ofthe rod 1e at 
L/2. Therefore (c) 1s ruled out 

e nis positive and as its value increases, the rate of 
increase of linear mass density with increase in 
x increases. This shows that the centre of mass will 
shift towards that end of the rod where n = L as the 
value of n increases. Therefore graph (b) 1s ruled out. 


n 
x x 
e The linear mass density 4 = & (=) Here 7 1 


With increase in the value of n, the centre of mass shift 
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25. (d) 
26. (Cc) 
27. (b) 
28. (Cc) 
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towards the end x = L such that first the shifting 1s ata 
higher rate with increase in the value of n and then the 
rate decreases with the value of n. 

These characteristics are represented by graph (a). 


29. 


L L L y n 
[xdm | x(Adx) fe(=] xdx 
(ML L Loryyn 
| am fad | K(*) dx 
L 
0 0 0 
Z, 
n+2 
— L@+2)£ |) Lint) 
| kx! | n+2 
(n+1)L" |, 30. (c) 
L 
For n=0,xcy =a n=, 
IE. 3L 
Xcu = 3° n= px XCM as 
2 
I 2, 2, _ ma 31. (c) 
Ly =a Ma +a“) =—_— . 
aoa 2 ( ) 6 
DB 2a a 
sO, ; - in 
According to parallel axis theorem 
2 
a 
I r=f etm — 
anak 
ma” ma” ma*+3ma>_ 2 a) 32. @ 
= — + _ =—_ = = ma 
6 2 
The moment of inertia 
of the rod about O is 
| 
— m0? The maximum 
angular speed of the “W «Fo > + -V--_--. 
rod is when the rod is oe 
instantaneously SS “33. (a) 
vertical. The energy a= 
of the rod in this 
| Bae 
condition is — Jm* where / is the moment of inertia of 
the rod about O. When the rod is in its extreme portion, 
its angular velocity is zero momentarily. In this case, 
the energy of the rod is mgh where / is the maximum 
height to which the centre of mass (C.M) rises 
1(1 2,2 
6 
For translational motion, & 
mg—-T=ma _..... (1) i‘ 
For rotational motion, " 
a 
TR=Ja=%5 ...2) sf 34. (c) 
Solving (1) & (2), mg 
oe mg _ mg —_2mg_ 2g 
= ee 
(m+) mR? 3m 3 
R IR 


As insect moves along a diameter, the effective mass 
and hence the M_I. first decreases then increases so 


from principle of conservation of angular momentum, 
angular speed, first increases then decreases. 


(a) F=20t-52 


36 
=> @§=36rad > Nora oe 
Tt 


From conservation of angular momentum about any fix 


point on the surface, 


mr ao = 2mr*o 

Wor 
=> 9=09/2 > v= [. v=ro] 
Torque working on the bob of mass m 1s, 
tT = mg x £ sin @. (Direction parallel to plane of rotation 
of particle) : 
As t is perpendicular to L, 
direction of L changes but 
magnitude remains same. 


| ydm 
Yom = fam 
dm 
h 
| nr*dypx y 
_0 _ 3h 
= Rh : 
2 
Here 4 = a } 
4 OR? 7 
Now, M _3 | 
M’ q° 
4 3 
ge, ype 
2 ) 2 31 
a 
Moment of inertia of the cube about the given axis, 
(38) an 
M’a’ _ V30 3 7 4MR 


= 6 6 9/31 
As shown in the diagram, the B : 
normal reaction of AB on 

roller will shift towards O. 

This will lead to tending of 
the system of cones to turn 


left. 
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Section-A : JEE Advanced/ IIT-JEE 


1. 1.23 x 10-3 rad/s 2. 8.48hr 3. v= +) 4. h=R 


i, F 
lL. (¢) 2. (a) > {b) 4. (c) 5. (c) 6. (d) 
7. ‘'(€) 8. (a) 9. (b) 10. (b) 
1. (b) 2. {a,c,d) 3 (ab) 4. (a,c) 5. (b, d) 6. (b) 
: 4 Bs =—4 Gm a’ 
1. (i) —2 x 10° km/hr (ii) 3x10 “rad/s 2 |—: 2] 
a 3Gm 
2 3 {SGM 
3. (i) 6400km (ii) 7.92 km/s 4. al 5. 99K 
1. = (a) 
1. 3 2 2 a oF 
Section-B : JEE Main/ AIEEE 
1. €&) Zz, {b) 3. (d) 4. (a) 5. (c) 6. (c) 
Te (€) 8.  (d) 9. tb) 10. (b) 11. (c) 12. (d) 
13. (c) 14. (d) 15. (c) 16. (b) 17. (d) 18. (c) 
19. (d) 20. (a) 21. (d) 22. (d) Za. (b) 
SY-la (oe JEE Gdvanced/ liT-JEE 
A. Fill in the Blanks This increase in PE. is at the expense of K.E. ofmass m 
We know that g' = g— Ra cos? > 1 > Gm 
At equator, ¢=0, Therefore g'=g-—Rw* - ge = Fr a 1 +M>) 
g ; where v is the velocity with which mass m is projected. 
Here g'=0 = |E- 1.23 x10 ~ rad/s 


. R WE 
=> v=,{/—(M,+M)) 
KEY CONCEPT : According to Kepler's law T 2 oc R? d 


72 3 1 9 GMm\  GMm ; 
> = ay - Here R, =R+6R=7R 4. 4 bs a R ~ (R+h) ... (Il) 
I’ R 
a Ne From (i) and (ii) 
and R> =2.5R+R =3.5R GMm GMm__GMm 
3 2R  R  R+h 
aula 7x7x7xR > T,=848hr 
15 3.5x3.5x3.5xR ‘e ee | — R4+A=2R 
Increase in PE. of system 2R- R+h 
= {(PE),-(PE)) ot, A=R 
--{[- GM\M, GM\m _ an) -|- GMM, } B. True/ False 
d d/2 d/2 d 
1. False 
Gm New Delhi is not on the equatorial plane and geostationary 


~ d/2 mi?) satellite is launched on the equatorial plane. 


p-S-70 


ik; 


(a) 


(b) 
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C. MCQs with ONE Correct Answer 


©) GM ro GM 
c = —, and 2’= —, 
oR 8 (o.99R) 
2 
g \0.99R 
GMm 7 : 
Cs pe = Initial potential energy of the system. 
Mi , 
Ur ae ELL Final PE. of the system. 
2R 
AU= U, -U, Be 
I l GMm ' R 
=—GMm E- | OR (A) ! 
GM 
“. GM= gR? ... (ii) 
From (1) and (11) 
2 
_ gk°m _ mgR 
ny: 2 
Tk 
According to Kepler's law =s = = 
Ty RY 
R 
Here 7, =365 days; 7,=?; R,=R; R,= > 
(Ry) Roy 
T.=T.|\—= = 365 | —— = 129 days 
= <A LR) R | ze 
Note : A satellite revolving near the earth's surface has 


(c) 


() 


(d) 


(c) 


a time period of 84.6 min. 
We know that as the height increases, the time period 
increases. Thus the time period of the spy satellite 
should be slightly greater than 84.6 minutes. 

T.=2hr 

The components of 
acceleration are as shown 


a=a,+4, 

The resultant of transverse and 
radial component of the 
acceleration is represented by g 


Note : The gravitational force of attraction between 
the stars will provide the necessary centripetal forces. 
In this case angular velocity of both stars is the same. 


: 2m 
Therefore time period remains the same. C = 28) ; 


For r>R 

Force on the test mass mis F=m x |E,| 

Where E é is the gravitational field intensity at the point 
of observation 


8. a) 
9. (b) 
10. &) 


2 
mV _ an yx| S| where Mis the total mass of the 
r 
spherical system. 
ce yo i 


Jr 


Forr<R Again F'= mE, 


mv" eS | 
. =m xr 
r R? 


— Vor 

Let us consider a circular elemental area of radius x and 
thickness dx. The area of the shaded portion = 27xdx. 
Let dm be the mass of the shaded portion. 


Mass _ M as 
area n(4R?)—n(3R) AR’ 
_ dm 3 
2mxdx 
2M 
dm = —, xdx 
7R 
The gravitational potential of the mass dm at P is 
—G dm G 2M 
dV = ———————— = — ————————— x — xk 
V(4R)y +x? VI6R? +x" TR’ 
_ —2GM 


xdx (1) 
TR? Jl6R? +2 

Suppose 16R? + x? = 2 

=> 2xdx =2tdt > xdx = tdt 

Also for x =3R,t=5R 


and for x =4R, t= 4/2R 


On integrating equation (1), taking the above limits, 
we get 


4J2R 
2GM —2GM - 44V2R 
ae | TR? dt = TR? Ge 
—2GM 
= 4J2R—5R _ -2GM 
W 
Now qe eee & V,, =0] 


W,,. = oO (av -5] 
7R 
V is the orbital velocity. If V. is the escape velocity 


then V,= /2V . Thekinetic energy at the time of ejection 


1 | 
KE =smVe =sm(V2vy = mV" 


R 
R, = 8 ~6x10°m 
10 


The mass of the wire = 1077 
x 1.2 x 10° = 120 kg 

Let BoM be the acceleration 
due to gravity at point M 
which is the mid point of the 


Ry 
wire and is at a depth ar 
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Let g. be the acceleration due to gravity at the surface 
of the planet. 


4 4 
Ep rig SOCAL Se a POnE 


Ses ee 
Se R5 10 
10 = 
Bp == 1 ms” 
R,,/10 ; 
and tu =f - |-101-01]-09 m0 
P 


Force = mass of wire x SM 120 x 0.9= 108N 


D. MCQs with ONE or MORE THAN ONE Correct 


(b) KEY CONCEPT : The centripetal force is provided by 
the gravitational force of attraction 
mRo*= GMmR~? 
mRx4n?  GMm 
72 Opfl2 
(a,c,d) The gravitational field intensity at the point O 1s zero 
(as the cavities are symmetrical with respect to O). Now the 
force acting on a test mass m, placed at O is given by 
F=m,E=m,x0=0 
Now, y” + z” = 36 represents the equation of a circle with 
centre (0, 0, 0) and radius 6 units the plane of the circle is 
perpendicular to x-axis. 


— 


=> Tro R?? 


Note : Since the spherical mass distribution behaves as if 
the whole mass 1s at its centre (for a point outside on the 
sphere) and since all the points on the circle is equidistant 
from the centre of the sphere, the circle is a gravitational 
equipotential. 

The same logic holds good for option (d). 


(a,b) For r> R, the gravitational field is F= a 
r 
GM FE. 2 
po and ae, = 1.2 
nr ) Py 4 


a GM 
For r< R, the gravitational field is F= xr 


GM 
Fy=—*" and F,= 


G 
3 R xX 
F, r 
oy, Za 
Fy 19 


(a,c)Force on satellite is always towards earth, therefore, 
acceleration of satellite S is always directed towards 


Gravitation ————$—_— _  _ i” p-S-71 


centre of the earth. Net torque of this gravitational force 
F about centre of earth is zero. Therefore, angular 
momentum (both in magnitude and direction) of S about 
centre of earth is constant throughout. Since the force 
F is conservative in nature, therefore mechanical 
energy of satellite remains constant. Speed of S is 
maximum when it is nearest to earth and minimum when 
it 1s farthest. 
(b,d)Let the mass of P be m. 


a/2 
Then pee =px Sn] =] 
3 3 L4n 


3 | 4n 
..  ThemassofR=9m 
If the radius of P=r 
Then the radius of 0 = 2r 


Soece 


and radius of R = 9!3y 


3/2 
The mass of O= pin] =| =8m 


ne Mr =Mp +Mo 
re =? +(2r)° = 97° 


2GMp - 2Gm 
Now, Vp= R, on r 


2GMo _—«[2G (8m) 


= j= = 2v 
Yo") Ro 2r ‘i 
2G (9 m) _ol/3 


GMm 
oy Sa? = 2] SM) a fH 


The potential energy is a combined property of the three 
mass system. The kinetic energy of mass m is only its energy 
which decreases as it moves. 

(b) is the correct option. 


k ——— 21 ——— 
E. Subjective Problems 
(1) According to Kepler's third law 
2 3 2 
Ty _ 3. p85 20 
eae = 3. — R5 = Rj ears 
Ty Ry if 
3 Q2 
R3 = (10%) x = = 64x10)? 
1 
=> R,=4~10*km. 
Linear speed of satellite S, 
2nR, _ 2nx104 
i 7 


v= = 2n x 10° km/hr 
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Linear speed of satellite S,, 
yy = 2BRo _ (2m)(4 x10") _ 
ee | 8 
The speed of satellite S, w.r.t. S; 
=Vy—V) = 1X 104—2n x 10*=—2 x 104 km/hr 
(i) Angular speed of S, w.r.t. S; 


ee es 3.14x 104 x 5/18 


nx 10° km/hr 


=——= =3 x 10“ rad/s 
R, Ry-R 3x104x10° 
; a2} 2 a’ a 
The radius of the circle r= —,{a” -—-= = 
€ radius O ecircie Lr 3 a 4 V3 


Let v be the velocity given. The centripetal force is provided 
by the resultant gravitational attraction of the two masses. 


P= F* + F* +2F? cos60° 
mxm yo ae 
_ BF=N3G fos 
2 / / > \ 
a ‘ Fi * \ 
) 9) H - \ 


/ 
/ 
m ra “7 \ 
ie “ans  \ 3 
a’ ‘ ty F ss / 
( mv? \ uN ee 
ea = centripetal force yruttenre : 
r 


2_ V3Gmr _V3Gma iy 

a’ a’ x V3 a 
Time period of circular motion 
2nr 2na/v3 a’ 
T= — = —_ = 21 

Vv Gm 3Gm 
\ a 

(1) KEY CONCEPT : Since the satellite 1s revolving in a 


circular orbit, the centripetal force is provided by the 
gravitational pull. 


mv" _ GMm 3 
(R+h) (R+hy - 


y 


GM 
R+h \ 


l (25M) _ GM 

4. RJ R+h 
=> 2R+2h=4R => h=R=6400km. 

(i) KEY CONCEPT: When the satellite is stopped, its 
kinetic energy 1s zero. When it falls freely on the Earth, its 
potential energy decreases and converts into kinetic energy. 

(PE.) ,—(PE.),=K-E. 
—~GMm e~) 1 5 


=—mv 
2R R 2 


> y= |—~ = Ver ~ /9.8x6.4x10° 


= 7920 m/s = 7.92 km/s 


4. 


1. 


1. 


Topic-wise Solved Papers - PHYSICS 


P 
Bigger Smaller 
star, jg —_x-p lax | Star 


k—_ 0a ———1 
The force of attraction is zero at say x from the bigger star. 
Then force on mass m due to bigger star = Force on mass m 
due to small star 
GMzgm GMgm 16M M 
x? (0a- x)? x? (10a - x)° 
If we throw a mass m from bigger star giving it such a velocity 
that is sufficient to bring it to P, then later on due to greater 
force by the star M, it will pull it towards itself [without any 
external energy thereafter]. 
The energy of the system (of these masses) initially 
= Final energy when mis at P 


>x=8a 


GM pM 5 GM pm GM sm l 2 
"10a~=COass=“‘éS*‘“‘C 
_ GMM s GM pm GM sm 
— 10a 8a 2a 
[Mp =16M; My =M] 
_ 3 [SGM 
72 a 


Total energy at A = Total energy at B 
(K_E.) ,+(PE.),=(PE.)p 


1 2GM |-GMm|__5 eal GMm 
5. Bye en (alae a 
2 R IR? 100 R+h 


On solving we get h= 99.5 R. 


H. Assertion & Reason Type Questions 


(a) The normal force exerted by the astronaut on orbiting 
space station is zero (until the astronaut exerts some 
muscular force). Therefore the apparent weight of 
astronaut in an orbiting space station 1s zero. Astronaut 
is called in a state of weightlessness. This is because 
astronaut as well as space -ship are freely falling bodies. 
Statement - 1 1s true, statement - 2 is true and statement 
- 2 is the correct explanation of statement - 1. 


I. Integer Value Correct Type 


We know that vy = J2gR 
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Gravitation 


G SS 
Iven g, 1 (il) 
Sp Pp _#, 
ee — * —_ 
Also 2g tmGpR eR 
v6_2. we E -2 (given) 
11 3 #R 
R, 3V6 = 
...(111) 
R ce 


V6 3V6 _ 3x6 — 3 


From (1), (11) & (111) - 1122) Vilx22 «11 


v a en 
Pil 11 


2. (2) Leth be the height to which the bullet rises 


—2 
1_ h 
then, g =2{1+4) 


=> h=R 


2GM ; ; 
We know that v, = ae = »/N (given) Al) 


1. (Cc) Kress 


; m v2 where v, = escape velocity= ./2gR 


l 
KE= 5 mx2gR=mgR 


2. (b) Dueto inertia of motion it will move tangentially to the 
original orbit in the same velocity. 

3. (dd) Energyrequired = (Potential energy of the Earth -mass 
system when mass Is at distance 3R) — (Potential energy 
of the Earth -mass system when mass is at distance 2R) 


—GMm (=Ghin —GMm GMm 
a a 4 


3R 2R 3R 2R 
_-2 GMm + 3GMm _ GMm 
6R 6R- 
2GM 
4. (a) Escape velocity, v, =./2gR = Rp > Ve, x m° 


Where M, R are the mass and radius of the planet 
respectively. In this expression the mass of the body 
(m) is not present showing that the escape velocity is 
independent of the mass. 

5. (c) According to er ’s law of planetary motion 7? © R? 


1%, 
: nan(B)" os sx| BY" = 5x2? = 40 hour 


6.  (c) The gravitational force acting on both the masses is 
the same. We know that 


as 
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Now applying conservation of energy for the throw 
Loss of kinetic energy = Gain in gravitaional potential energy 


1 , GMm -(- oun 
a OR R 
GM 
v= roe (11) 
Comparing (1) & (11) N=2 


(7) For the tension in the rod to be zero, the force on both 
the masses m and m should be equal in magnitude and 
direction. Therefore 


<4————_- 3 ——_ > +—__ (-—_ > 
GMm Gmm GMm Gmm 


ay 2 By. & 


| 
2m=M\ 9716 


_ 7M 
™~ 288 
K=7 


Section-B 


Force = mass * acceleration. 


m—- 9R——— 


Xp X57 


———. | 7 R > 1 


For same force, acceleration © 
mass 


au iM 1 . 

me ay 5 M 5 Saues (1) 
Let t be the time taken for the two masses to collide and 
X5ap> Xyy be the distance travelled by the mass 5M and 


M respectively. 
For mass 5M 
u = 0, S=Xs5i; f=, a=asvy 
l l 
s= ut + at” . X5u =54sut (1) 
For mass M@ 


u=0,S=XxX),t=t, a=ay, 

l 5 l 2 “ad 
ree =m = 54m! ... (il) 
Dividing (11) by (111) 


1 
—Acy,t 
XSM Diese! asM 1 
Se ae From (1 
Nae ay 5 Mom 


% 5X51 = Xu ....(1V) 
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7. (ce) 
8. «6 @) 
9. (c) 
10. () 
11. (c) 
12. @d 
13. (c) 


o—_————  —  ——— )SEOJopic-wise Solved Papers - PHYSICS 


From the figure it is clear that 

Xsyjt Xy=IR ....(V) 

il 03 is the point where the two spheres collide. 
From (iv) and (v) 


“M+ xy =9R 


45 


% 6x1 -—45R .. XU = a 7T.5R 


Ve = J2gR 

The escape velocity is independent of the angle at 
which the body is projected. 

Gravitational force provides the necessary centripetal 
force. 


mv" GmM 


= also a 
(R+x) (R4+x)? oR 


ae a (R+x)* 
x =height of satellite from earth surface 
m = mass of satellite 


9) GM GM 
— ae or v= 
(R+x) R+x 
Te 2m(R+x)  2n(R+x) 
v GM 
R+x 
which is independent of mass of satellite 
AU = —GmM is GmM GmM 
2R R ’ 2R 
GM GM 1 
N ———= — = oR AU =—meR 
OW ", g; R g 5 & 


2n eee +(nt)) 
Tf cR 2 


i , 2 
Variation of g with altitude is, g, = g [ — >| : 


variation of g with depth is, g, =¢ [ = ‘| 


Equating g, and g,,weget d=2h 


Workdone, w= AU =U, —-U-; = oe 
7 R 
—11 


0.1 *T000 


14. @ 


15. (c) 


16. (b) 


17. @ 


18. (c) 


19. @ 


20. (a) 


21. @ 


4 _ 93 
_ GM _ GpxV Gx pen 


R2 RR? 


= => 
§ R? 


§ = - pnG.R where Pp — average density 


2GM , 
(Ye)p — Mp Re 
(V2 )e cial M, R, 
10M, 
R./10~ 


: in =10x(v,), =10x11=110 km/s 
Gravitational flux through a closed surface 1s given by 
[Eg dS =-4nGM 


where, M = mass enclosed in the closed surface 


l 
This relationship is valid when | E, | > 
r 


' R2 
k h 
We know t a (R+ hy 
2 
Ble = ee 


Let the gravitational field at P, distant x from mass m, 
be zero. 


Gm __4Gm 


r 
2 (r- x) = = 3 
es ass 
x 
1 r ————_ >| 
Gm 4G _9G 
Gravitational potential at P, V = ee s 
r 2r r 
3 a 
The required energy for this work is given by 
GMm 
— =mgR 
R & 
= 1000 x 10 x 6400 x 10? 
=6.4 x 10!° Joules 
Applying energy conservation 
( cir Ll. ( cite 
k +] -—— |=—mv +] - 
R 2 R+h 
k— GMm im Gm )- GMm 
R 2 \R+2R/ R+2R 
_ 5GMm 
6R 
My? 
2F cos45°+ F'= ae (From figure) 
GM* GM? 
Where # =————~ and F''= 5 
(J2R) AR 
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Gravitation P-S-75 
Solid 
sphere 
Due to cavity part potential at point P 
2xGM*__GM* _ Mv GM 
J2(RV2)>4R* RR _ 3°g . 3GM 
) Veavity 9 RR QR 
GM*|1 1 2 cite 
4 + Yn = Mv 2 
R 2 So potential at the centre of cavity 
Gm(J2+4) 1 Gm 11GM [ 4 —GM 
haat ee eee = a. SS ee |S 
R 4/2 | IVR (1+ 22) sphere cavity QR QR R 
22. (d) Dueto complete solid sphere, potential at point P 23. (b) Forh<<R, the orbital velocity is /gR 
_ —GM)} 3,2 (+ ) Escape velocity = ./2gR 
here =a am (pets: 
_— 2° 2 .. The minimum increase in its orbital velocity 
_ -GM/ 11R? __,,6M = /2eR - JeR = JgR (J2-1 
IR? | «4 8R 


Mechanical Properties of Solids and 
Fluids 


Section-A : JEE Advanced/ IIT-JEE 


YAx? Mg 
A ae 3 Ak DS (¥o-¥)AT 4. 500 Pa. 
B 1. F Zz F 3. F 4. F 
Cc kk €) Zz. (a) J« {b) 4. (a) 5. (a) 6. (d) 
7. {d) 8. (a) 9. (a) 10. (a) 11. (b) 12. (a) 
13. (c) 14. (d) 
D 41. (a) Zz. (b,c) 3. 4c) 4. (c) 5. {c¢) 6. (a,d) 
7 (b, c) 8. (a, b) 9.. (a, d) 
E 1 295 2 == 3 4. Fall 5, 45° 6 = 
| a 95 cm ea » f£=10cm : : . (a) dy =d 
(b) no (c) remains same 
Sd aT OL V3H 
7.  (a)(i) a (ii) n+ (22 -| dg (b) (i) ae (iil) ./(3H —4h)h (iii) 8. 29.025 x 10° J/ 
4 
3-294 x 10° J/m? 9 b) 0.25 /6,t 10 i 11 eee ee xa" 
m3 27: m°’ 9. (a) zero (b) 0.25 cm (c) 2/6, : 5 - gor 2 pn 
ha si 
12. 2m 13. <8. 14. H= 
2y 22 
EFL © 
G 1. (c) 2.  (b) 3. (a) 4. (c) 5. (a) 6. (b) 
7. (C) 8. (a) 
H 1. (a) 
. i: 6 Zz. 6 3. 4 4, 3 
Section-B : JEE Main/ AIEEE 
1. (db) Zz. (d) 3. (b) 4. (a) 5S. (a) 6. (c) 7, (a) $. (c) 
S. a) 10. (d) Hi. (¢) 12. (c) 13. (b) 14. (c) 15. (6) 16. (c) 
£7. (d) 18. (c) 19. (d) 20. (None) 21. (a) 
Berea JEE Gdvanced/ lIT-JEE 
A. Fill in the Blanks _, Ri-[R’-3R°6R]_Mg _, 8R_ Mg 
2 2 R? AK R 3AK 
1 _) 4 y AL= YAx 
_AP Using the relation for floatation, vd Hee Vd, & 
2. ~ AV) V Fraction of volume of metal submerged in mercury 
Ms 
where AP= —= a a8 = — 
A V AK 
Up") Mg, ViVi _ Mg 
V, AK V, AK 
433 24 3 
—ntR° ——n(R-6R 
Pe eal 
4 AK 
= nR? 


GP_3481 


In second case, when temperature is increased by AT. 
vi Hes = (Va 8 
~ -*™ ~ Fraction of volume of metal submerged 
V" d'ng 
in mercury = K, (say) 
Ky | dn X dg _ d'n X d' yg (1+ y2AT) _ (+y2AT) 


Ky d'yeXdm A'ygXd'm(I+y,AT) (+7, AT) 


=(1+ yy AT) (1+y, AT! 
=(1+y AT) (1 -y, A= 1+ (¥2.-Y) AT 
Note : If y, —y, then k, > k, 
1.e., metal block will get immersed deeper 
Ify, < y, then k, <k, 
i.e. metal block will rise a bit as compared to its previous 
position. 


K Ky —K. 
ran =(y2-y,)AT > re t=(y2—-7,)AT 
KEY CONCEPT 


Applying equation of continuity at cross section 1 and 2 
A,V, =4xvo => 10x 1=5xv, > v,=2m/s 
Applying Bernoulli's theorem 
ee 1 9 
AR+=py =B+=pv 
l 5? ie” 7? 2 


1 P=2000P 
> 2000 +—x1000x1° 


2 
17 % V5 
V/ Z 


A,=S5cem? 


| 
v,=Ims 


= P, +5x1000x2" 
=> P,=500Pa t-Warr 
B. True/ False 
When the man drinks some water from the pond, his weight 
increases and therefore the boat will sink further. The further 
sinking of the boat will displace the same volume of water in 
pond as drunk by man. Therefore, there will no change in 
the level of water in the pond. 
Pressure P,=P, = 1 atm = hpg 
Note: 
On changing the temperature, g will not change and 
atmospheric pressure will not change. 

h x p =constant. 
When temperature is increased, the density of Hg decreases 
and hence, / increases. 


When water is heated at end A, the density decreases and 
the water moves up. This is compensated by the movement 
of water from B to A 1.e., in clockwise direction. 

When the block of ice melts, the lead shot will ultimately 
sink in the water. When lead shot sinks, it will displace water 
equal to its own volume. But when lead shot was embedded 
in ice, it displaced more volume of water than its own volume 


because d).44> 4 Therefore, level of water will fall. 


ead water’ 
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(a) 


(b) 


(a) 


(a) 


(d) 
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C. MCQs with ONE Correct Answer 


B c 

Let us consider a small dotted segment of thickness dx 
for observation. 

Since, this segment is accelerated towards right, a net 
force is acting in this segment towards right from the 
liquid towards the left of ABCD. According to Newton's 
third law, the segment ABCD will also apply a force on 
the previous section creating a pressure on it which 
makes the liquid rise. 


_TI/IA Txt T € 
Y= = = 
Alle AxY Y A 


t 
Here, - is constant. Therefore, Al x yi 


C2 
"a is largest in the first case. 


Pressure in limb I at B = Pressure in limb II at A 
hp g = hpog 
=> P1— Po 
Weight of cylinder = Upthrust due to upper liquid + 


Upthrust due to lower liquid. 


o(taars)=( (30 


_ Sd 


4 
Equating the rate of flow, we have 


{(2gy) x P= (2g x 4y) mR? 


[Flow = (area) x (velocity), velocity = ./2¢x ] 
where x = height from top 


oa Ja) x8 


D 


L 
=> I[7=2nR? > R=—= 
V27 


KEY CONCEPT: 

According to Archimedes principle 
Upthrust = Wt. of fluid displaced 
a bottom — F top — Vpg 

fy bottom — fF top + Vpg 

=P, xA+Vpg 

= (hpg) x (mR) + Vog 

= pg [nR? h+ V] 


ul 
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T. 


10. 


(d) 


(a) 


11. (b) 


12. 


(a) 


and if 
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£ decreases as the block moves up. h will also decreases 
because when the coin is in water it will displace a 
volume of water, equal to its own volume, whereas 
when it is on the block it displaces more volume than 
to own volume (because density of coin is greater than 
density of water). 


— 
yee [Ae ff aS 


AAC 10°x10+ 
The square of the velocity of efflux 
2gh 2x 10x 2.475 


yo = ee - OF,” ee 
J1—(0.1)? 


~2x10!!N/m?. 


= 50 m2/s2 


h=3-0.525 =2.475m 


Ap (1.165 x 10° —1.01x10°) 
ae a 1.55 x 10° Pa 
We know that excess pressure in a soap bubble is 
inversely proportional to its radius. The soap bubble 
at end | has small radius as compared to the soap bubble 
at end 2 (given). Therefore excess pressure at 1 1s more. 


2 l 


As the value is opened, air flows from end 1 to end 2 
and the volume of soap bubble at end 1 decreases. 
Let V be the volume of the material of which the cylinder 
is made. The cylinder is half immersed in water. 
Therefore the volume of water displaced because of 


V 
the material of the cylinder is 5° Let h be the total 


height of the cylinder. As the cylinder is half submerged 
therefore buoyant force 


p— VPoS , MAP os 
2 2 


where A is the area of cross-section of the cylinder 
The weight of the cylinder W= Vp..g 
The weight of the water inside the cylinder 
=h'Apy & 
For equilibrium, 

VPo8 ae Alpog 

2 2 
Here p,. = | 
h 


h' =—+—[1-2 
stool Pe] 


If p.< 0.5 then h'> a 


=Vp.§ th Apos 


p.> 0.5 then h' <> 


13. (c) 


14. @ 


vy - F/m@QR)* _ F/R? «Aly 
Al,/2L Als /L At 
' \ 
(1) 


D. MCQs with ONE or MORE THAN ONE Correct 


1. (a) 


2. 0) When the block of mass m is 


Note: 


The whole system falls freely under gravity 
Upthrust = weight of fluid displaced 

= (mass of fluid displaced) x g 
For a freely falling body, g=0 
Upthrust = 0. 


arranged as shown in the 
figure, an upthrust F’-will act 
on the mass which will 
decrease the reading on A. 


According to Newton's third 
law, to each and every action, 
there is equal and opposite 
reaction. 

So F’, will act on the liquid of the beaker which will 
increase the reading in B. 

Weight of sphere 

= Upthrust due to Hg + Upthrust due to oil 


V V 
Vdg = 5 fHe8 t+ 5 oil xs 


dug td, | 
= Hg * oil _ 3.6+0.8 7 7.28 hom? 
2 2 
Al 
Al=laAT =— a ae 
Stress = Y x strain Stress = Ya AT 


For first rod stress = Y,a,A T 
For second rod stress = Y,a,A T 
Since, stresses are equal 

Y,a,A T= Y,Qa,A T 
YO _ 3 


Or, = = 
Y> Qi) 2 
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5. (c) KEYCONCEPT: 
The equation of continuity is : vA, =v>4, 


where v and A represent the speed of water stream and 


its area of cross section, respectively. We are given 
that 


v, = velocity of water stream at 0.15 m below the tap 

A,=? 
2 . 

For calculating v, 

u=1m/s; s=1.5m, a=10m/s* and v=? 

v2 —u* = 2as 

v—1=2x10x0.15 > v=2m/s 

vA _ lx 107 
i) 7 

6. (a, d) Consider the equilibrium of the system of both spheres 

and the spring. 


Hence, A, = =5x107° m? 


The weight of system 
4 3 ene 4 R3 
= 37k Gp)gt, aR pg =4 got pg 


This is to be balanced by the buoyant force. Fs 8B 
This can be possible only when the light 

sphere is completely submerged. In this way 

the buoyant force 


4 4 
B= (San?) x 4 x (2p) x g = a| SR | Ww 


Now considering the equilibrium of the heavy sphere 
Fs +B=W 
.. Fs=W-B 


4 4 
» Kx= = 7R°Bp)g-—AR*2p)g 


7. (a, b) The maximum stress that P can withstand before 
breaking is greater than Q. Therefore (A) is a correct 
option. 


Strain 


Max 


Max 
(strain Q) 


Maximum 
stress of Q 


ductile. Therefore (B) is a correct option. 


stress 
Y= 
Strain 


For a given strain, stress is more for Q. Therefore 


YqQ> Yp. 
shaded portion. 
Here 


P 4nr2-(P.+ dP) 4nr* 


GMr 
aa P (4x?) dr 


R 
=P) Re *| 
2R° 
2 
ei TR? 
P(r=3R/4) | 16 16. 63 


PemTR | . 5R2 80 


ee 
P(r=3R/5) | 25 | 16 
Pee Ta e I 


B and C are correct options. 


(a, d) From the figure it is clear that 


(a) 6,>0, 

(b) Pp ,>6, [As the string is taut] 

(c) p,<o, [As the string is taut] 
Py <9) 592 < Po 


When P alone is in L, 
2 
Vp = ee es is negative as 9, <o 
m2 eae 
Where r is radius of sphere. 
When Q alone isinL, 
2 
y-2 (P2-H)B 
Q- a 1S positive as py > 0, 


Therefore V p. Vo <O option (d) is correct 


Vp Piy-% 7 
Also — =——* x + 
Vo P2-% Nh 
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The strain of P is more than Q therefore P is more 


(b, c) Let us consider an elemental mass dm shown in the 


..-(1) 
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For equilibrium of QO From fig. (c) 
Restoring force 

4_ 3 4_ 3 r 

BEG Se P08 ._ii) YA(C+x) YAL - 
ce = —[7"-mg]=-|—_]{__-—_ | __ [from (a)] 

For equilibrium of P L L 

43 43 a 
T+ a Pig = ri 01g ..{Il) L 


1. 


On “— this a with F =— mo2x, we get 


(111) — (11) gives 
Pp} —9,=95,-P» ..{1V) mo ag ee “Yn - | 


From (1) and (iv) 7 
YA 
Vem | Mel Frequency f= = 3247 
Vo ay - Vol "a 3. Let the edge of cube be @. When mass is on the cube of 
A is also a correct option wood 
3 3 
E. Subjective Problems 2008 + © dwooaS = © AwaterS 
Mis the mid-point of tube AB. => lO dwood = © dwater — 200 (i) 
At equilibrium When the mass is removed 
px Atmg=p,xA Od woos =l-2 Cd .. (ii) 
ral eae Se ese _ 
= p, + 10dy, xX =D ... i) ; 
A A 4 f — — 200 =(£-2)¢ Awater 
45 cm 
p p v But A water — 
X | 10 cm ) 
M -—200=0 (¢-2) > €=10cem 
10cm M 4. KEY CONCEPT: 
When the stones were in the boat, the weight of stones 
D> Q’ Q ' were balanced by the buoyant force. 
mg , 45cm V d= Vide 
. . 8 x V,, V.= volume of liquid and stone respectively 
For air present in column AP d,, d, = density of liquid and stone respectively 
px45xA=p, x (45+x)xA . 
As ; Since,d.> dp = +. Vi< Ve 
oT I= gege 0d x 8 ... (il) Therefore when stones are put in water, the level of water 
: falls. 
For air present in column QB ote, 
p45 x A=p, x (45-x)xA 5. (a) For equilibrium F,,,=0 and t,,, =0 
45 
= —— x 76d, x tii 
> Pp» i x He X& ... (111) 
From (1), (i1) and (111) 
45x 76x diy 8 45 
—_—__—=—+10d = 76xd 
45+x Here 45—-x creer 
45 x 76 45x 76 
+10= 
45+x 45-x 
x=2.95 cm. 
From fig. (b), due to equilibrium Taking moment about O 
= l-x). 
RAE. ey) en Fr ( *) sin 8 ... (i) 
f 2 2 
But Y= oe : 
COTE | Also F,= wt. of fluid displaced = [(¢- x) A] x pyg.-. (ii) 
YAC = + 
oo a oe (ii) hi T Andm= (£A)0.5p,, ... (111) 
From (i) and (ii) Where 4 is the area of cross section of the rod. 
rom (1) and (ii a i Ke 
5 ng From (i), (ii) and (iii) 
_ YAC es Fig. (a) Fig. (b) Fig. (c) lL. C—x) |. 
ae (111) (¢ A)0.5p,,.2 x ae = [(C-x)A]lp,g x (4—*) sin 9 


6. 


Here, £=1m 


(l-x?=0.5 => x=0.293m 


From the diagram 
ee aoe => §@ =45° 
l-x 0.707 
(a) Letthe ball be dropped from a height h. During fall 
t 2v 
V=ut+at OnE > 4 =— 


(b) 


(c) 


(a) 


In the second case the ball is made to fall through the 
same height and then the ball strikes the surface of 
liquid of density d,. When the ball reaches inside the 
liquid, it is under the influence of two force (1) Vdg, the 
weight of ball in downward direction (11) Vd,g, the 
upthrust in upward direction. 


Note: 
The viscous forces are absent. (given) 
Since, d; > d 
the upward force 1s greater and the ball starts retarding. 
For motion B to C FA 
u=V,v=0, t=t, a=-a h ' 
v=utat> 0=v+(-a)t | 
v | 
—> {= ; | 
WaVeo ae : 2 bee 
Now, a= net ----4/d,g- 
_Vd,g—Vdg_ (d,—-d)g os a ieee 
Va d =77Vdg" d, 
Va 0 ka (iC arr 
=> f= > tC ~g----1-C--- 
@,-dg “vO 
Therefore, 
os | (dy -d)g 
2 t 
1+ 2488 = fis 
(d, —d)g 2 d,—d 
dy ty 
=> by. > 
2 d,-d 


Since the retardation is not proportional to 
displacement, the motion of the ball is not simple 
harmonic. 

If d=d, then the retardation a= 0. Since the ball strikes 
the water surface with some velocity, it will continue 
with the same velocity in downward direction (until it 
is interrupted by some other force). 


(1) 


KEY CONCEPT: 
Since the cylinder is in equilibrium in the liquid therefore 
Weight of cylinder = upthrust 


mg = Fy + Fr, where 


Fr and fr, = upthrust due to lower and upper liquid 
respectively 


(ii) 


(b) 
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A A-. dj A 3L 

—xILxDxeg=—x—x2dxe+—x—xdx 

5 oR A Berge agers 
2d 3d 5d 


— —_— + —_ = — 


4 4 4 
Total pressure at the bottom of the cylinder = 


Atmospheric pressure + Pressure due to liquid of 
density d + Pressure due to liquid of density 2d + 
Pressure due to cylinder [Weight/Area] 


Aeneas 


H H 5 
P=P,4+ —dg+—x2dxgart 
07 > STD é y 


3H OL Sd 
= —_— 4+ — p= —— 
=. Pp y+ (EAN | 4 


KEY CONCEPT : 
Applying Bernoulli's theorem 


H H 
Pye SE xaxe+(S A) 2d xg 


_ [GH=4) 


I 2 
= P.+ —(2d)v 
0 5 | ) 


Horizontal Distance x 
WH VIHE x=vt (i) 
For vertical motion pad — falling from hole 
= 0, Sy =h, a, =t 
>t, 
S=ut+ 1 : 
=u 5 at 
; 1 2 2h : 
> = 58 >1t= - ... (Il) 


Reference 
level for PE 


From (i) and (ii) 


prod B 


= §(3H —-4h)h ... (ill) 
For finding the value of / for which x is maximum, we 
differentiate equation (111) w.r.t. ¢ 


dx 1 
ar [3H—4h)h}'? {3H-8h} 
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Putting - = 0 for finding values / for maxima/minima 
t 


1 3H 
73 [GA-4h)]-"* [3H- 8h] =0 = h= —— 


_ fi2H 3H _ 6H _3H 
V8 8 8 4 


8. Given that 
p= 1000 kg/m, h,=2m,h,=5m 
A, =4x 103m?, A, =8 x 10-3 m?, v, =1 m/s 
Equation of continuity 


Ay, 


2 
According to Bernoulli's theorem, 


1 
(P| — Po) = pg (hy — hy) - =P (v3 ~vy) 


Where (p, — p>) = work done/vol. [by the pressure] 
pg (hy — h,) = work done/vol. [by gravity forces] 
Now, work done/vol. by gravity forces 

= pg (hy —h,)= 10° x 9.8 x 3=29.4 x 103 J/m?. 


1 1 l 
And 5P(%2 —w)= 5x10" Go] ~= 10° Jim? 


=— 0.375 x 10? J/m? 
Work done / vol. by pressure 


=29.4 x 103 —0.375 x 10° Jam? =29.025 x 107 Jim?. 
As the pressure exerted by liquid A on the cylinder is 
radial and symmetric, the force due to this pressure 


cancels out and the net value is zero. 


(b) For equilibrium, Buoyant force = weight of the body 


=> hp Agr hpppAg=(h, +h + hp) A Ps 
(where 0, = density of cylinder) 


= sea hah —(h,+hg) =0.25cm 
Pc 
_ fy Buoyant — Mg 
M 
7 2aee +pplhthg)—-(athy whales | p 
Pc(At+hy thc) 


h 


(c) 


= . upwards 


10. KEY CONCEPT: When the force due to excess pressure in 
the bubble equals the force of air striking at the bubble, the 


bubble will detach from the ring. 


AT AT 
pAvr=—-xd > R=—> 
R pv 


11. KEY CONCEPT : When the tube is not there, using 


Bernoulli's theorem 


1 | 
P+ fo +> pri +pgH =—pv + fo 


[From (in1)] 


13. 
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| 
=> P+pgh==p(% -%) 
But according to equation of continuity 
_ 4% 


Here, P+ pgH = AP 
According to Poisseuille's equation 


_mAP)a* _, |. APIA" 


8y/ 8Ol 
A 2 
A 
_ Pega! ad yals (A) 
800 8OL 2 A 
2 
Where ale 
A D? 
y=—s Daye | <= xa’ 
sol 2" ° 4 


From law of continuity 4,v,=4,v, 
A, =x (4x 103 m)’, 4, =x (1x 1073 my 


V; A 
>| A, 


Given 


4 
Tr PV, 


h 


v, =0.25 m/s 

mx (4x10-°)* x0.25 _ 
Tt x(1x1073)° 
; 2h 


| 
Also, h= > at SoS 2 


2h 2 x1.25 
Horizontal range x = v, x t= v, =o 0 = 2m 


The free body diagram of wire is given below. If ¢ is the 
length of wire, then for equilibrium 2F sin 89 = W. 
F=Sx 0 F F 


4 m/s 


v5 


or, 2Sx ¢ xsnO=Axlxg 
_ Ag 

7 2sin0 . 
_ Ag __ arg . | -2 
S= ia” 2y ; a= 
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14. Weight of liquid of height H o : 


G. Comprehension Based Questions 


1. (c) Consider the equilibrium of wooden block. 
Forces acting in the downward direction are 


2 
i x Hxpxg...(i) 


Weight of wooden cylinder Rx n(2r)” 
Let us consider a mass dm @) a aa ee 
situated at a distance x from A i = — n(2 ry? ye PY 9 
as shown in the figure. The Jez 3 
centripetal force required for “, ae. ; 
the mass to rotate = (dm) xw =nx4r? “P g 
3 P, Py WP; 
The total centripetal force required for the mass of (b) Force due to pressure (P,) created by liquid of height 
length L to rotate h, above the wooden block is 
L ay? = P, x m(2r)? = [Pp +h pg] x 2 (2r) 
= | (dm) x" where dm= px x dx Force acting on the upward direction due to pressure 
: P, exerted from below the wooden block and 
a Ca atmospheric pressure is 
Total centripetal force = | [P “ x dx j ms (x0? ry 2 
0 = Py xn} (27) —r |+R x T(r) 
= 2 2 
= ae x00? | dx = [Fo + (hy + A)pg]x nx 37 + Por 
0 At the verge of rising 
nd? 5 PP [Py + (hy +h)pg] x (x : 37?) mr?) 
= px x @ Sige ... (il) , 
tx 4r“hpg 
, | fo ctned : eas =[P)+hpg]x 4nr? +" or, hh = = 
This centripetal force is provided by the weight of liquid of | : 1P8 aii 3 a 3 
height H. 2.  (b) KEYCONCEPT: 
. Considering equilibrium of wooden block. 
Prom (1) and (i) Total downward force = Total force upwards 
> > 2 9 272 Wt. of block + force due to atmospheric pressure = 
us xHxpxg=px md a ae + H= = Force due to pressure of liquid + Force due to 
4 2 2g atmospheric pressure 


m(16r?) =x g + Pym x 16r7 
= [Aypg + Po] w[(16 —4)r7] + Py x 47° 


F. Match the Following 


4 
—h=h 
— 9 9) 


3. (a) When the height h, of water level is further decreased, 
then the upward force acting on the wooden block 
decreases. The total force downward remains the same. 
This difference will be compensated by the normal 
reaction by the tank wall on the wooden block. Thus 
the block does not moves up and remains at its original 


position. 
4.  (c) The vertical force due to surface 
dh tension 
<4 28h) x = = (Tcos®) x 2ar 
§ 2 
_7( 7) yan 2urT 
=2 hh, = x 2tr = - 
If S778 
So 8 5. (a) When the drop 1s about to detach from the dropper 
Z Weight = vertical force due to surface tension 
Sef ~§ 2 
eee 2ur°T 
In all the three cases d =2,/hhy =1.2m 3 eee R 


pi (3 PT) _ 3. (5x10) x01 
2 pg 2 1000 x 10 
» R=1.42* 103m 


If g off — 9s then no water leaks out —~412x10- 
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1. 


(b) We know that, pos 
a 
“. U=T xa=T x 4nR? 
22 
= 0.11 x4 xx (1.42 x10) =2.7x10°J 


(c) Fromprinciple of continuity, 
Ci 2") 


mV) = Tr V5 
(20) x5=(1)° xv, 
“. V>= 2000 mms! =2 ms! 


"DHA 
J re 


I 9 
P4 —Pp ~ 5 Pava 


£2 
RGB hi 


But Pc =p ,, 
1 l p 
<P} ==PaVq > Y = | Vg 
2 2 P) 
Volume flow rate « Pa 
P] 


H. Assertion & Reason Type Questions 


(a) Weknow that volume flow rate (V) ofan incompressible 

fluid in steady flow remains constant. 
V=axyv 

where a = area of cross-section and v= velocity 
= If v decreases a increases and vice - versa. 
When stream of water moves up, its speed (v) decreases 
and therefore 'a' increases 1.e. the water spreads out as 
a fountain. When stream of water from hose pipe moves 
down, its speed increases and therefore area of cross- 
section decreases. 
Therefore statement-1 is true and statement-2 is the 
correct explanation of statement-1. 


Il. Integer Value Correct Type 


For bubble A: 
If P, is the pressure inside the bubble then 


4T 4x0.04 


=8 => Py=16N/m? 


Ry 0.02 
According to ideal gas equation, 

4 . 

Py, = nyRT, => 16x 3 7(0.02)° = nyRI, oe (1) 


For bubble B: 
If Pz is the pressure inside the bubble then 
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p, =A -4%004 _ 4 = Py =12N/ mW? 
Rp 0.04 
According to ideal gas equation 


4 
Py Vp = ngRTp => 12x—(0.04)" = ngRTy ... (i) 
Dividing (11) by (1) we get 


12x 20.0493 ; 
—i—__--4 [°.: Ty =Tp | 
16x = m(0.02) HA 

np _¢ 

NA 


Initially, the pressure of air column above water is P, = 10° 
Nm” and volume V, = (500—H)A, where 4 is the area of 
cross-section of the vessel. 


Finally, the volume of air column above water is 
300 A. If P, 1s the pressure of air then 


P, +pgh =10° 
200 


P, +10° x10 x —— =10 
1000 


PB =10° N/m? 
Y, = (500- H)A 


P, 


Initially 
P, =9.8x104 N/m? 
As the temperature remains constant, according to Boyle’s law 
AY, = by 


Finally 


10° x (500 — H)A = (9.8x 10) x 300A > H=206mm 


.. The fall of height of water level due to the opening of 
orifice = 206-200 =6 mm 


K 
We know that © = - ..{1) 
Here y= hr -(4), 
Al L 
Comparing the above equation with F = kl we get 
(f . 
I (11) 


From (1) & (11), © = (= 
ml 
9 7 
- 140= Inx10’ x4.9x10 Ee 
0.1x1 


27n° (o- pg 
Vp_ 9m (O-P)) 
Vo 26 (6-p2)g mH (G-P2) TM 
9n2 
2 
[8-08] 2 _ 


~ (05)? [8-16] 3 
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Bl Section-B 


1. (6) Small amount of work done in extending the spring by 


2. (d) 
3. ©) 
4. (a) 
3. (a) 
6. () 
7. (a) 
8. = (c) 
9. (a) 


dx 1S 
daW=kx dx 
me 800 
- weak Fee 2_ 2s Nive 
_W [ xax | (0.15) (0.05)° | 8 J 


0.05 


Work done by constant force in displacing the object 
by a distance . 


l ; Fe 
— —x Force x extension = —— 
2 2 


From Stoke's law, 

viscous force F = 6nnrv 

hence Fis directly proportional to radius & velocity. 
ae 

Po-Pi= “e 

WB >P 

hence air moves from smaller bubble to bigger bubble. 

Energy stored per unit volume, 


1 : 
E= > x stress x strain 


stress 


1 
- A= —-x stress x 
2 


Water fills the tube entirely in gravity less condition 
1.e., 20 cm. 


Case (1) 
At equilibrium, 7= W 
_WIA ‘i 
ara (1) 
Case (ii) At equilibrium T= / i 
a WIA ye W/A ¥ 
LID C1 WW 
L/2 
= Elongation is the same. 
d,—d 
Terminal velocity, vp = \ ; wg 
Y 


Yr (10.5-1.5) 
0.2 (19.5-1.5) 


The condition for terminal speed (v,) is 
Weight = Buoyant force + Viscous force 


_ |¥g(P1 —P2) 
My 


9 
Bade bs = (0.2x — =0.1 m/s 


2 
“. Veg =Vp og +h, 


10. 


11. 


12. 


13. 


14. 


(d) From the figure it is clear that liquid 1 floats on liquid 2. 


(c) 


(b) 


(c) 


fi = 


pila 


The lighter liquid floats over heavier liquid. Therefore 


we can conclude that P1 < P2 

Also p, < p, otherwise the ball would have sink to the 
bottom of the jar. 

Also p3 > Pp, otherwise the ball would have floated in 
liquid 1. From the above discussion we conclude that 

P, < P3 < Po- 
In case of water, the meniscus shape is concave 
upwards. Also according to ascent formula 
2T cos® 


rpg 
The surface tension (7) of soap solution is less than 
water. Therefore rise of soap solution in the capillary 
tube is less as compared to water. As in the case of 
water, the meniscus shape of soap solution is also 
concave upwards. 


<——_ A——> 


Wire (1) 


h= 


<—N3—> 
Wire (2) 
As shown in the figure, the wires will have the same 
Young’s modulus (same material) and the length of the 
wire of area of cross-section 3.4 will be £/3 (same volume 
as wire 1). 
For wire 1, 


~ Ax/e =) 


For wire 2 , 
_ FY3A - 
Ax K013) . (il) 
F'- ¢ 


. se dn 
From (i)and (i), 7 77 = 39% 3a, => F'=9F 


Oil will float on water so, (2) or (4) is the correct option. 
But density of ball is more than that of oil,, hence it will 
sink in oil. 


Tees 15° 


sin 1:5” 


mg 


Tsin15° mg =T cos15° 
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F 
=> tan 15°=—& (1) 
mg 


In liquid, F,'=T'sin15° (A) 


mg = Fz +T'cos15° 


7’ sin 15* 


mgs 


-, mg Sa T''cos 15° 
=> — = T'cos 15° 


From (A) and (B), tan 15° = ake .. (2) 
mg 


From (1) and (2) 
F, 2K, 
mg mg 
W=T x change in surface area 
W=2T4n{(5*)—(3)7] x 10+ 

=2 x 0.03 x 4n [25 —9] x 107 J=0.4n x 1077 J 
= 0.4n mJ 

From Bernoulli's theorem, 


Cc 


; ae ih 
> F,=2F, >fo= 5 


15. (c) 


16. (c) 


i 
Py + pvipgh =P + pV} +0 


vy =v? +2gh=/0.16+2x10x0.2 =2.03 m/s 


From equation of continuity 


A,v,=AyV, 
p2 2 
nm x i) = adie 
4 4 


> p =p, | -3.55*103m 
V2 
17. () Atequilibrium, 
2Tl= mg 
2 
_ mg ee ~ 1° ~ 0.025 N/m=0.025Nm 
21 230x107 60 


18. (c) From figure, kxg + Fp = Mg 


kxo +0= Ag =Me 


[ -.. mass = density x volume] 


L 
=> kxo = Mg-o7 Ag 
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oLAg 
M8 — Z a 
k k 2M 
19. @) When radius is decrease by AR, 


4nR7ARpL = 4nT[R? —(R —AR)*] 


=> X9g = 


— pR7ARL = T[R” —R* +2RAR —AR?] 


—> pR7ARL = T2RAR [ARis very small] 


20. (None) None of the given option is correct. 
When the bubble gets detached, 


Buoyant force = force due to surface tension 


Force due to excess pressure = upthrust 


vy 
Access pressure in air bubble = s 


Length of the air column above mercury in the tube 1s, 
Yeo ioe af, 
=> P=(76-x) 
=> 8xAx76=(76-x)x Ax (54—-x) 
x= 38 
Thus, length of air column = 54-38 = 16 cm. 


GP_3481 


Heat & Thermodynamics and Gases 


Section-A : JEE Advanced/ IIT-JEE 


A 1. 4eal. 2. Partlysolidand partlyliquid. 3. 27 4. OC 5. 5803K 
2 
6 = 1.7lpre 7 = 8 | es 9. 300K 
10. 0.628 11. 60°C 12. 192° 13. 5.5 min. 
B 1 F 2. FEF 3. -F 4. F 5. T 6 T 
F 8. F 
Cc lL @ 2. (Cc) 3. (b) 4. (a) 5.  (b) 6. (a) 7 (b) 8& @ 
(c) 10. (c) 1. (d) 12. (b) B3.@ 140 #231.@ ~ = 16@) 
17. (c) 18. (a) 19. (b) 20. (b) 21. (a) «=. 22. (6) —s«23. (a)—s 4 2) 
25. (a) 26. (a) 27. (c) 28. (c) 29.) 30.() 31.) 32.0 
33. @) 34, (b) 35. (a) 36. 37. d) 38. (a) +39. (ce) ~— 40. ) 
41. (c) 42. (d) 43. (a) 44. (d) 45. (d)  46.(a) 47. (d) 48. (@) 
49. (b) 50. (c) 51. (a) 
D 1 @) 2. b) 3. (a) 4, () 5. (a,b, c,d) 6 @ 7 &) 
(a,b,d) 9 (ab) 10. () 11. (b) 12. (d) 13. (b,c) 14. (d) 
15. (b,d) 16. (c) 17. (c,d) 18. (a) 19. (a,c, d) 20. (bd) 2. (bd) 
22. (a,b) 23. (a,c,d) 24. (a,b,c,d) 25. (ab,c) 26. (b,c) 
W2 — Wy B(wo — M4) ee ee 
. sh ae ee 2, T,=30°C, T,=T)=20°C 3. Same 
5. 817mmHg 7. = 12.96m/s 8. -973.1J 
9. hollow sphere 10. 1.97x 107’, 35.6 m/s 11. 12.9 T,, 2.25 T,,-15.587, 
12. 83.75cmHg 13. 754cm 14. 675K,3.6x 10°N/m? 


15. (ii) 113 1,0.44 x 10°N/m? (iii) 12450] 16. 800K,720J 17. (i) 5 (ii) 1.25 PV 
18. (b)0.58RT,,0.58RT, 19. (a) 1153J (b)1153J (c) Zero 20. (i) 1870J @i)-5298J (ii) 500K 
21. (i) 765J Gi) 10.82% 22. Mass of Neon = 4gm, mass of Argon = 24gm 
23. (a)2mole (b)400.03 m/s (c) 1/6 (d) -8.27x10-°-V 24. (i) 189K (ii)-2767 J (iii) 2767 J 
25. 0.0122Kg 26. T,=909K, T,=791K, 61.4% 27. 6.67* 10> per °C 
5 PV _ 25PV; — 
28. (a) PyV,(b) -5 PyVo, 3PVo (©) ss (d) as 29. ‘secre CE | Kelvin 
2/3 2/3 

3 (V, \ 3 (V, \ pysi3yr2/3 

<RPYji-;+) |, g-=RYJ1-; + cial a eae : 
30. (b) 5 | Ly, J | Ly, ae ee a 31. (a) 1200R (b) -2100R, 831.6R 
32. 0495Kg 33. (a) 600K (b) 1500R, 831.82, -900R,-831.8R (c)600R 
34. (a) 160K (b)3.312 x 107! Jc) 0.3012 gm 

mv 4 2/5 

35. mae 36. (a) 595 W/m? (b) 419.83 K 37. = Mm, 400( +) K 38. Rate of heat produced « r> 

AeolT? 
39. | 1+ "7 40. y=2a 41. 69.99°C, 0.0499J, 19999.95 J 42. 273K or0°C 

F 1. (A)-(q); (B)-@, s); (C)-(s); (D)-G, 1) 2. (A)-(q); (B)-(. 1); (C)-@®, s); (D)-(@, s) 

3. (A)-(p,5, t); (B)-(p, 1); (C)-@, s); (D)- t) 4. (a) 


released by Sun/per second. 
= 1400 x 4m x (1.5 x 1011). 
The total energy released per second per unit surface 
area of the Sun 
1400 x 4x x (1.5 x 10!!) 
ae 
This energy Bi is AN Eye om toE=oT" 


l 
Hier a 
T= a ~ 5803 K 
An x (7 x 108)? x 5.67 x107 
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G 1. (a) Z. {d) 3. {c) 4. (d) 5.  (b) 6. (b) 7. {d) 8. (d) 
Hl 6) 

E i 9g 2: & 3 Y 4. 4 S 3 6. 2 
yp a. 9 
Section-B : JEE Main/ AIEEE 
lL 6) 2. (b) 3. {bj 4. (a) 5. (a) 6. (c) i (d) 8. (c) 
5 (c) 10. (a) 11. (a) 12. (d) 13. (c) 14. (b) 15. (d) 16. (d) 
ry. Ae) 18. (d) 19. (b) 20. (a) 21. (d) 22. (b,c) 23. (d) 24. (b) 
25. (d) 26. (a) Zi. {b) 28. (c) 29. (a) 30. (b) 31. (c) 32. (d) 
33. (b) 34. (a) 35. (2) 36. (a) 37. (b) 38. (a) 39. (a) 40. (a) 
41. (c) 42. (b) 43. (c) 44, (a) 45. (d) 46. (a) 47. (d) 48. (a) 
49. (a) 50. (c) 51. (b) 32, (C) 53. (a) 54. (c) 55. (Cc) 56. (d) 
Sf. 4G) 58. (a) 59. (a) 60. (c) 61. (c) 62. (d) 
Bee JEE Gdvanced/ llT-JEE 
A. Fill in the Blanks 6. | Theenergy emitted per second when the temperature of the 

copper sphere is 7 and the surrounding temperature 7) 

~ MC, +nCy, . 
1. = =o(I'-19)xA=o.TA [-T=0] 
ny 5 Ny 
We know that 
3 5 
Ix—R+I1x—R dO aT . 
= _— OR dQ=mcdT > —==mc— ...{il) 
1+1 7 dt at 

2. AB represent a process when physical state changes from From (1) and (1) 

solid to liquid and the temperature remains unchanged. 44= aT 
Since P is a point between A and B, therefore the material is i sae 
partly solid and partly liquid. 4 
3. PV=RT (Ideal gas equation) ox —nrecdT 
mcdT 3 4 3 
RT => dt=——=—7—_ | *° m=pxzar 
=> P= a ... 4) oT'A oT’ x4nr 3 
Given that VP? = const ... (ii) 
From (i) and (ii) Ey eee 
2 30 74 
Ty const. Integrating both sides 
+ 2 V. 100 i 
4 -2=7-7, er 5.49 F {at = ee dT _ pre oe 
V, Vy V, 0 36420074 36| 373 oan 
4. The heat required for 100 g of ice at 0° C to change into 

water at 0°C = mL = 100 x 80 x4.2 = 33,600 J ... (i) pre| 1 1 
The heat released by 300g of water at 25°C to change its - "Oe a 3 
temperature to 0°C = mcAT = 300 x 4.2 x 25 =31,500J ... (ii) FL (oor (200) 
Since the energy in eq. (11) is less than of eq. (1) therefore the Jore love 
final temperature will be 0°C. = i fy ——_-P____ =1.7lprc 

5.  Theenergy received per second per unit area from Sun at a (72x10°)o 72 x10° (5.67 x10”) 

distance of 1.5 x 10'! m is 1400 J/sm?. The total energy 7 KEYCONCEPT: 


When the spherical shell is thin, t<< R. In this case, 
The rate of flow of heat from the sphere to the surroundings 


_ K(4nR*)T 
- t 
where T 1s the temperature difference 
and ¢ is the thickness of steel then 
_ 4nR°KT 
Pp 
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8. 


10. 


11. 


12. 


13. 


Since P joules per second of heat is supplied to keep the 
substance in molten state, it means that the substance in 
the molten state at its melting point releases P Joule of heat 
in one second. 


P Joule/sec. 


P Joule/second 


The power is turned off then the heat input becomes zero. 
But heat output continues. It takes ¢ seconds for the 
substance to solidify (given). Therefore total heat released 
in ¢ seconds = P x t= mL 


_ Pxt 
fusion m 


fusion 


L 


In this expansion, no work is done because the gas expands 
in vacuum. Therefore AW=0 

As the process is a adiabatic, Q = 0. From first law of 
thermodynamics, AU= 0 1.e. temperature remains constant. 
For isothermal expansion 


P 
Px a ieee air 
For adiabatic expansion 
PVY= Px (2V) nai Aer 
P | a 
4 = —_ x = 0.628 


P. 9! 67 P se 1.67 


The heat transferred through A per second 

QO. =K, A (100-2 
The heat transferred through B per second 

Q,= K, A (t—0) 

At steady state K, A (100-2) = K,A (t-0) 
=> 300 (100-4 = 200 (t- 0) => 300 -3t= 2t > t=60°C 
The movable stopper will adjust to a position with equal 
pressure on either sides. Applying ideal gas equation to the 
two gases, we get 


m m 


2 


Solar power received by earth = 1400 W/m? 
Solar power received by 0.2 m¢ area 

= (1400 W/m2) (0.2 m2) =280 W 
Mass of ice = 280 g= 0.280 kg 
Heat required to melt ice 

= (0.280) (3.3 x 10°) =9.24 x 107 J 


po 


P-S-89 


If t is the time taken for the ice to melt, we will have 


me 


s= 330s =5.5min 


(280)t = 9.24 x 107 J 


_ 9.24x104 
280 
B. True/ False 


KEY CONCEPT: c = a 


| 


At the same temperature c « Wivi 


1.e., dependent on molar mass and hence rms speed c will be 
different for different ideal gases. 


l 
For a particular temperature 7, V oc p 


Volume is greater for pressure P, 
P| <P. 
l 


IVE 


For a particular termperature C,, .«< 


1.e., C__,, will have different values for different gases. 
YiRT 
(CH) \ My 


=u , Mo 
(Cy, yo y2RT M, 
M) 
eo ee om 
5/3 ie 5 5 


The slope of P-V curve is more i. adiabatic process than 
for isothermal process. From the graph it is clear that slope 


for B is greater than the slope for A. 
C0 Hk 


Wek know that 
7 [BRT peat ROT) 
V “va en v WD 79 
yi=2yv 


Energy radiated per second by the first sphere 
E, =s0T 4A = 0 (4000)4 x 4x 11 1 
= 1024 x nx 10!? x so 
Energy radiated per seecn by the second sphere 
E,= 0 x (2000)* x 4n «x 4 x 4 
= 1024 nx 10!? x so 


Ei, = £4 
C. MCQs with ONE Correct Answer 


(dd) Note: Atconstant volume, Charle's law is used. 
(c) W,=mg—Vd,g 


dig 
1+ _ ao 
W, = mg —V'd' f= mg V( 50 7) (1+ 50y,) 
1+ 50 
=mg -Vd.g pea 0 
114507, 


Given ¥,<y, 


p-S-90 

3. (b) 
4. (a) 
5.  (b) 
6. (a) 
7. (b) 
8. = =@) 
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1+50y¥,<1+50 eae: 
"p Ya 1+50y, 
W,>W,o W,<W, 
0, —9p = 36°C (Given) 
K,=2Kp (Given) 
K K 
20) +—2 6, 
pee a eee, ees 
Ka, Kp 
4 L 
On 0 9p 


a, ie 
SL. NS 
l¢——— _ , ——_ se | ——__-» 
= 20 ,+9p 7 20 4 +04-36  3(04 —-12) 
° 30 3 3 
0,-9¢ =12 
The work done during the cycle = area enclosed in the 


curve 
n,;+n n Nn 
ky ee ee 


ah, Yat yet 


tye yee 
V1 5°12 3 
For an ideal gas PV = nRT 


= Coefficient of volume expansion 


Here, n, =n, = 


( AV nR 
— | —=—=Constant 
AT s P 


Note : Average translation K-E. for O, is SkT 


(Three degrees of freedom for translational motion). 
Now decrease in pressure increases the volume. 

= Itincreases mean free path of the molecules. Also 
average K.E. does not depend on the gas, so molecules 
of each component of mixture of gases have same 
average translational energy. 

Heat flow from B to A, A to C and C to B (for steady 


state condition, AQ/At is same) 
AQ_kAAT A 
At { 


Where 


A a 
For sides AC and CB (=| 
AC B 


T 
V2a 
AT v2 T 
& )e 
T-T, T,-V2T 
Vasa 


> 37 =T,(V2 +1) > 


=> T-T, = V2T,-2T 


3 
JI1 


ao 
T 
According to Stefan's law 
AQ=eoAT* Mt 

also, AO=mc AT 


9. (c) 
10. () 
1. @ 
12. (b) 
13. @ 


or, mcAT=ecAT* At 
AT eoAT* a 


or, — = 
At mc 


2/3 1/3 
l 
“(2"} | “i 
4np m 
] 
AT,/ Ay (m\">_ 2" 
AT, / At m 3 
Average translational kinetic energy of an ideal gas 


MC 


molecule is =kr which depends on temperature only. 


Therefore, if temperature is same, translational kinetic 
energy of O, and N, both will be equal. 


nRT 
PV=nRI or P= vy or Po T 


(-. V and n are same.) 

Therefore, if T is doubled, pressure also becomes two 
times, 1.e.., 2P. 

The energy radiated per second by a black body is 
given by Stefan's Law 


E 
— =o6T* x A, where J is the surface area. 
t 


E 
= oT x Anr? ( -» Fora sphere, A =4 7 r*) 


Case (i) : = ~ 450, T= 500K, r=0.12m 
450 = 410 (500)* (0.12) ...(i) 


Case (ii) ; ~ = 2, T= 1000 K, r=0.06m 
t 


E 
—=4n «6 (1000)* (0.06)* 

Dividing (11) and (1), we get 

E/t (1000)*(0.06)* 27 _ j 


450 


... il) 


(500)4(0.12)2 22 


=> == 450 x 4= 1800 W 

When a enclosed gas is accelerated in the positive 
x-direction then the pressure of the gas decreases along 
the positive x-axis and follows the equation 
AP=-padx 

where p is the density and a the acceleration of the 
container. 

The result will be more pressure on the rear side and 
less pressure on the front side. 

The internal energy ofn moles of a gas is 


U= = nFRT 


where F'= number of degrees of freedom. 
Internal energy of 2 moles of oxygen at temperature Tis 


l 
U,= Pa 2xSRT=SRT — [F=5 for oxygen molecule] 


Internal energy of 4 moles of argon at temperature T is 
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14. 


15. 


16. 


17. 


18. 


19. 


20. 


(c) 
(d) 


(a) 


(c) 


(a) 
(b) 


(b) 


p-S-91 


\ Dividing eq. (11) by eq. (1) 
Us = 5 X4x3RT ORT 9 
2=—— >. 9 =00" 


Total internal energy = 11 RT 90-8 
21. (a) From the first law of thermodynamics 

Vn = YN,Mue a |7/5x4 _v3B dO=dU+dw 

Vite YHeMn, 5/3x28 9 Here dW= 0 (given) 

= . dQ=dU 
Here TVY-! = . 
ony musta Now since dO <0 (given) 
dQ is negative 


5 
As y = ~. hence 7V~3 = constant 
i aaa peeies => dU=-ve => dU decreases. 


= Temperature decreases. 
22. (b) For adiabatic process PV Y = constant 


2/3 
T (Ly) C 
Hence, % = ie j Also for monoatomic gas y = G = 1.67 
for diatomic gas y= 1.4 
Temp. 
| 100° ~—:100° 
Water Steam 
—10° — Heat supplied 
Ice 
1. The temp. of ice changes from —10°C to 0°C. 
2.  IceatO°C melts into water at 0°C. 
3. Water at 0°C changes into water at 100°C. Dulice: Ydiatomic * Ymono atomic 
4. Water at 100°C changes into steam at 100°C. “. Paiatomic i P mono atomic 
We know that V/T = constant => Graph | is for diatomic and graph 2 is for mono 
atomic. 

V+aAve Vv ae AV _t 23. (a) For equilibrium in case 1 at 0° C 

T+AT T VAT T Upthrust = Wt. of body 
Work done is equal to area under the curve on PV “. K,Vd,g = Vd,g 
diagram. 
According to Wien's law, A7= constant (i) 
From graph 4, <A3<A, 

T, > T;>T). 
Let 6°C be the temperature at B. Let Q is the heat 


flowing per second from A to B on account of 
temperature difference. 


KA(90-6) “4 
re Al 
é 


For equilibrium in case 2 at 60° C 
Note : When the temperature is increased the density 
will decrease. 
“  d)'=d, (1+ Y, x 60) 
and d,'=d,(1+ Vig 60) 
Again upthrust = Wt. of body 
K,Vd,'g=Vd,'g 


B h Il be the case for heat f . K | a | d 
y symmetry, the same will be the case for heat flow 2 kh 
from C to B. l+Vug X60 | 1+7 Fe x60 
The heat flowing per second from B to D will be 
l+Yre x60] g K, 1+ Fe x 60 
20= a ... (il) 1+YHg x60} dy Ky 1+Y¥ng x60 


p-S-92 

24. (a) 
25. (a) 
26. (a) 
27. (ce) 
28. (Cc) 
29. (b) 
30. (b) 
31. (b) 
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For cyclic process; 
=> Woy=-5J 
PV=constant. Differentiating, 


He -v9-(1()-(8) per 


Graph between B and P will be a rectangular 
hyperbola. 
Note : According to Kirchoff's law, good absorbers are 
good emitters as well. 
At high temperature (in the furnace), since it absorbs 
more energy, it emits more radiations as well and hence 
is the brightest. 
The graph shows that for the same temperature 
difference (7, — 7, ), less time is taken for x. This means 
the emissivity is more for x. According to Kirchof?'s 
law, a good emitter 1s a good absorber as well. 


t 
The lengths of each rod increases by the same amount 


Af, =Ae, 
> Cyagt = loAgt 
£ £ 
> 2a 25) - 744] 
a Os aT Oa, 
SS RG) a ee i 
Cy QO, C1, 405 QA, +A, 


If we study the P — T graph we find AB to be a 
isothermal process, AC 1s adiabatic process given. Also 
for an expansion process, the slope of adiabatic curve 
is more (or we can say that the area under the P— V 
graph for isothermal process is more than adiabatic 
process for same increase in volume). 
Only graph (b) fits the above criteria. 
Heat required to convert 5 kg of water at 20°C to 5 kg of 
water at 0°C 
=mC, AT=5 x 1 x 20= 100 kcal 
Heat released by 2 kg. Ice at — 20°C to convert into 2 kg 
ofice at 0°C 
=mC.,, AT=2 x 0.5 x 20 = 20k cal. 
How much ice at 0°C will convert into water at 0°C for 
giving another 80 kcal of heat 
O=mL > 80=m~x 80 
=> m=l1kg 
Therefore the amount of water at 0°C 
=Skg+lkg=6kg 
Thus, at equilibrium, we have, [6 kg water at 0°C + lkg 
ice at O°C]. 
We know that 

dn! = Constant 


32. (Cc) 
33. @ 
34. (b) 


Na<Ag<Ac 
So, T,>T3>T¢ 


3x10 4x10 5x10 
O=eoAT* 
e = | black body 
O=oAT* 
4 
= x DN) ggg — 
QO ,= 06.1 (2 x 107 y re: 
2 
= x 19-2)2 » ———— 
Opn=0.1 (4 x 10~) Ripe 
2 
= x SD) I en se 
and O;=0.1 (6x 10“) ean 
From comparison QO» is maximum. 
QO=mc AT 
=> Q=mc(T-t) _ ...G) 
From 50 K to boiling temperature, 7 increases 
linearly. 
During boiling, equation is 
QO=mL 
Temperature remains constant till boiling is complete 
After that, again eqn. (1) is followed and temperature 
increases linearly. 


_ K2.A(100) 
n= 
_ A(100) _ KA(100) 
92° pe 9) 
—+— 
K K 
42 _KA(Q100), fd 
a 20  K2A(100) 4 


In the first process Wis + ve as AV is positive, in the 
second process W is — ve as AV is — ve and area under 
the curve of second process is more 

Net Work <0 and also P; > P). 
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35. (a) 
36. (d) 
37. (d) 
38. (a) 
39. (Cc) 


Therefore the time required 


40. (b) 


41. (c) 


According to Wein's displacement law 
X,, * T= constant 


Here, M3 <)mp < Nim 
> 1,>T,>T, 


An, >m,/ 


Ms ™;, 


The temperature of Sun is higher than that of welding 
arc which in turn is greater than tungsten filament. 
Heat transfer of glass bulb from filament is through 
radiation. A medium is required for convection process. 
Asa bulb is almost evacuated, heat from the filament is 
transmitted through radiation. 

In this question the given options are wrong as all the 
four options contain e in place of o. 

When a spherical body 1s kept inside a perfectly block 
body then the total heat radiated by the body 1s equal 
to that of the black body. 

1 Calorie is the amount of heat required to raise 
temperature of 1 gm of water from 14.5°C to 15.5°C at 
760 mm of Hg. 

As shown in the figure, the net 
heat absorbed by the water to 
raise its temperature 

= (1000 — 160) = 840 J/s 

Now, the heat required to raise 
the temperature of water from 27° 
Cto 77°C is 

O=mce At=2 x 4200 x 50 J 


1000 J/s 


OQ 2x4200~x50 
——_—— = 500 sec = 8 min 20 sec 


~ 840-840 


The force is IG " ‘8 x (2R x h) ~2RT 


nat 


Note : In the first part the force is created due to 
pressure and in the second part the force is due to 
surface tension 7. 

Force = 2P,)Rh + Rpgh? —2RT 
PT? =constant (given) 


; PV 
Also for an ideal gas —— = constt 


From the above two equations, after eliminating P. 


42. (d) 

43. (a) 
44, (d) 
45. (d) 
46. (a) 


p-S-93 
—z =constt > V=k T? where k = constant 
av _ aT 
V T 
3 A 
=> dv= (3) VdT ..{i) 


We know that change in volume due to thermal 
expansion is given by dV = Vy dT ...{l) 
where Y = coefficient of volume expansion. 

From (1) and (11) 


VydT= (3) var = ¥ -3 
T T 


A real gas behaves as an ideal gas when the average 
distance between the gas molecules is large enough 
so that (1) the force of attraction between the gas 
molecules becomes almost zero (11) the actual volume 
of the gas molecules is negligible as compared to the 
occupied volume of the gas. 

The above conditions are true for low pressure and 
high temperature. 

Initially 

V,=5.60, T, =273K, P, = 1 atm, 


5 
a 3 (For monoatomic gas) 


The number of moles of gasis n= Eee 


l 
22.40 4 
Finally (after adiabatic compression) 
V,=0.70 


For adiabatic compression 7,V,’' =7,V,""' 


Vv) _ (56 sy 
a ey pee =F|=— = 2/8): 


°rms (helium) 


- | Margon | argon ef =J10< L346 
Myhretium 


The heat is supplied at constant pressure. 
Therefore, 
Q=nC, At 


°rms (argon) 


5 
= 2} 2R beat ae 5 x 8.31 x 5 = 208 J 


¢ Cy = DR for mono-atomic gas) 
2 


Given H, = Hy 
(A+ A)AT 7 


xt, =k 
0 l 2 


yak (i) 


p-S-94 
Where k, and k, are the equivalent conductivities in 
configuration I and II respectively. 
For configuration I: 
tee 00 28 
k, k 2k  k, 2k 
4k . 
k= 3 (11) 
For configuration IT: 
k,(A+A)=kA + 2kA 
3k e 
. ky = > ...(111) 
4k 
Front :Giand Guy tak eee 
rom (i), (11) and (it 2= 3K re 
Z 
option (a) 1s correct 
47. ) P|M,=d,RT; P.M, =d,RT 
PM _ dt 
Py My dy 
42-4 1.4 _8 
3 3 dy ~d, 9 


48. 


49, 


(a) In steady state 
Energy lost = Energy gained 


o(74 —T9' )x 4m? = 1(nR? | 


. 5.7x108| 74 -(300)* x4 =912 


. T=330K 
_ mcAT _VpcAT 
(Bb) Pheater ~ Peooter = —- —— 
© 000 P.__.y = 2:12%1000%4.2%10" x20 
a. ~ Peooter) 3x 60 x 60 
Pooler = 2067W 


5 
. (©) P3V°=constant > PV*? = constant > Y = ri 


= monoatomic gas 
For adiabatic process 


PBN. 1 


adiabatic 


_PeV—p ~PiVi _ 32 


I-y i> 
3 


W 


4 105 x8x1073 —105 x10 


31. (a) 


P 
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— 25-100 — 75x3 
(3-5)/3 2 

From first law of thermodynamics gq =AU+ w ... AU=—w 

“. AU=-112.5J 

Now applying first law of thermodynamics for process 

1 & 2and adding q, + q, =AU + P(V,—- V3) 

=—112.5+10° (8-1) x 10-3 = 587.55 

The heat flow rate 1s same 


=112.5J 


_W 


T 
‘ \2K Q K 


Lo°C (TT 400°C 
—— 15 = F : 


Xx 


_ KA(400-T) _2KA(T-10) 


l tc 
“. T=140°C 
The temperature gradient access Pd is 
dT 140-10 
a “. dt= 130 dx 
dx 1 


Therefore change temperature at a cross-section M 
distant ‘x’ from P is 

AT=130x 
Extension in a small elemental length ‘dx’ 1s 


di= dxa AT = dx a(130x) 


l 
», [dl=1300] xdx 
0 


| 
“. Al=130 x 1.2 x 10° x on 10-°m 


D. MCQs with ONE or MORE THAN ONE Correct 


1. (a) 
2. (b) 
3. (a) 
4. (© 


— 3RT  3x8.314x 298 


M=——= x 1000 = 2gm 
C2. 1930x1930 x 
ms 
The gas is H, 
C,AT 1 
Q _ nGAr 4 =—_—- => QO, _O 
Q, nC,AT y Y 


> Q - = 50a 


Heat lost by steam = Heat gained by 

(water + calorimeter) 
mL +mx c x (100-80) = 1.12 x cx (80-15) 
m[540+1 x 20]=1.12 x 1 x 65 
m=0.13 kg 
Total transfer of heat per second through the composite 
= Heat transfer per second from material with thermal 
conductivity K, + Heat transfer per second from 
material with thermal conductivity K,. 
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KAAT _ K\AAT | KyA,AT 


or, Kn (2R)=K,nR?2+K>n[(2R)* —R?] 
K 
Or, K= K,+3Ky 
4 
(a, b, c,d) 


(a) Forall thermal processes. 
AU =nC,AT where AT =(T> —7;) 
(b) According to first law of thermodynamics. 
AQ = AU + AW 
In an adiabatic process AQ = 0. 
or, Q=AU+AW 
or, |AU|=|AW| 
(c) Intheisothermal process, AT = 0. 
" AU=0 
(d) In the adiabatic process, AQ = 0. 
AU _nCG,AT_ CGC, _ 1 _ 1 5 


QO, mC,AT C, y 7/5 7 


(b) Note : All three vessels are at same temperature. 
According to Maxwell's distribution of speed, average 


(d) 


speed of molecules of a gas v x VT. 
The velocity of oxygen molecules will be same in 

A as well as C. 
(a, b, d) 
The work done by the gas in the process A to B exceeds the 
work that would be done by it ifthe system were taken from 
A to B along the isothermal line. This is because the work 
done is the area under the P-V indicator diagram. As shown 
by the diagram the area under the graph in first diagram will 
be more than in second diagram. When we extrapolate the 
graph shown in figure (1). Let Pp be the intercept on P-axis 
and V, be the intercept on V-axis. The equation of the line 
AB can be written as 


BR 
=-TV +8 ... (i) [. y=mxt+c] 


isothermal 
process 
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10. 


11. 


P-S-95 


=> PV) — PP Vo =—PoRT ... (ii) 
Relation between P and T is the equation of a parabola. 


Also, P=“ 
so, P= 
From (1) and (11) 
RT B My 72, 
oa Vy ep. Sf SV eV 
V Vo : VoR R 
Note :The above equation is of a _ parabola 


(between T and V) 
Differentiating the above equation w.r.t.V, we get 


P 
ar —— aa Oe, V ae fo 
dV VoR R 
V, 
For ae 0,V=a2 
2 
a°T 2m _ 
Also, av. VoR =—ve 
Vo . 
> V= > 3 the value for maxima of temperature 
Also, P,V,=PpVp 
= Jd-d, (From Boyle's law) 


B 
= In going from A to B, the temperature of the gas first 


Vi 
increase to a maximum (at V= rs ) and the decreases and 


reaches back to the same value. 


(a,b) 
Energy emitted per second by body A = ¢,0 T° i A 


Energy emitted per second by body B = €,0 Te A 


Given that power radiated are equal ¢,o 7 i A= £20 ja A 
1/4 
fA 
=> Tp= ey x T,=1934K 


; . , l 
According to Wein's displacement law 1,, « 7 


Since temperature of A is more therefore (1, ) , is less 


(X,.)g—(m)4=1%10-%m (given) ...(i) 
Also according to Wein's displacement law 

Oma 14= Om)p Tp 

nA 28 

(Ap 4 1934 
On solving (1) and (11), we get 


Ag=1.5*10%m. 
V, 7 V /120 
(b) Vis) - fab = 7 = mer 
Vims)2 10) ( rms )2 80 
=> —_— => (V_.)9 =2V 
Vims)2 2 i 


(b) For an isothermal process; PV = constant 
On differentiating, we get ; PdV + VdP=0 


dP 
> P=——=k 


= Wiv (Bulk modulus) 
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12. 


13. 


14, 


15. 


(d)_ A is free to move, therefore heat will be supplied at 
constant pressure 
AQ ,=nC, AT, ... (1) 


Bis held fixed, therefore heat will be supplied at constant 
volume. 

“ AQz=nC AT, ... (Il) 

But AQ,= AQ, (given) 


: aes 
nCAT,=nCATy 2 ATs= | ATs 


=¥(AT,) [y= 1.4 (diatomic)] 
=(1.4) 30K) 
“ AT,=42K 
(b,c) 
There is a decrease in volume during melting of an ice slab 
at 273 K. Therefore, negative work is done by ice-water 
system on the atmosphere or positive work is done on the 
ice-water system by the atmosphere. Hence, option (b) is 
correct. 
NOTE : Secondly heat is absorbed during melting (1.e. dO is 
positive) and as we have seen, work done by ice-water 
system 1s negative (dW is negative.) Therefore, from first 
law of thermodynamics dU= dO -dw 
change in internal energy of ice-water system, dU will be 
positive or internal energy will increase. 
(d) According to Wien's 
displacement law, 
Mind = 2.88 = 10° nmK 
The wavelength at the 
peak of the spectrum 
becomes 


_ 2.88 x 10° nmK 
- 2880 K 
NOTE: Thus, the maximum energy is radiated for 10° nm 
wavelength. It follows that the energy radiated between 499 nm 
to 500 nm will be less than that emitted between 999 nm to 
1000 nm, 1.e., U, < U, or U, > Uj. 
(b, d) 


Co-efficient of linear expansion of brass is greater than that 


—10°nm 


of copper 1.e., Gp > Ac. Now, 
Lp = 1p (1+ AT) : 
‘ \ ae nanan 
(R+d)0=Ip(1+ag AT)° 
Again, Lo = Lp (1+ acAT) 
or, RO=Lp (1+ a¢AT) 
(R+d)0 1l+apz AT 


RO = 14a¢ AT 
Or, ag =(l+ag AT)(l-ac¢ AT), by binomial 
theorem. 


Or, 145 =1+ (ag -ac)AT-agac(Al? 


d 


=(a2 -a7-) AT or R=—————_ 
(o aC) (ap = ac) AT 


Or, 


| 


@ 
R 
R ———— 
lag -—%| 


ee and Ro 
AT 


17. 


18. 


19. 


20. 
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(c) ContainerA Container B 
m4 mp 
Deeley ior 
mM Mm 
P,(Q2V)=—* RT P', 2V)= ERT 
ae m4RT m4RT 
7 FATT AS MV M(QV) 
= (pa af 
2MV 
_ mgRT —-mgRT 
and P,—P',= MV “M) 
‘see i 
= Su ... (1) 
Dividing (1) and (11) 
BOON a Bios, PB aks Gy 
AP M, 2 mg see 
(c,d) 
We know that 


~_ BRT, _ BRT, _ [2Rr 
v= nM >Vems — M an Yo M 


From these expressions, we can conclude that 
¥ <yv = Vrms 
Also the average kinetic energy of gaseous molecules is 


=, 1 (3 3 
£ = 5 rms =4m{ 3,3 | = rug, 

(a) NOTE: The law of equipartition of energy states that 
'For a dynamical system in thermal equilibrium, the 
energy of a system is equally distributed among its 
various degrees of freedom and the energy associated 


a sl 
with each degree of freedom per molecule is = k.T. In 


this case, O, and N, both have two degrees of rotational 
kinetic energy and since the temperature 1s also same, 
the ratio of the average rotational kinetic energy is 1 : 1. 
(a, c, d) 
Since sun rays fall on the black body, it will absorb more 
radiation and since, its temperature is constant it will emit 
more radiation. The temperature will remain same only when 
energy emitted is equal to energy absorbed. 


(b,d) 
C, —C, = for all gases 


2) 5 
For monoatomic gas: C,, =SR , Cy =aR -¥ a 


15 
Dv a ; C,+G, =4 


; : Os. (ae 7 
For diatomic gas : Cra aR Cp=aR ae 


and Cy.C,==> ; Cy +C,=6 
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22. 
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(b, d) 
In case of an isothermal process we get a rectangular 
hyperbola in a P-V diagram. Therefore option (a) 1s wrong. 
Tp < Tg. Therefore in process B + C — D, AU is negative. 
PV decreases and volume also decreases, therefore W is 
negative. From first law of thermodynamic, Q is negative 
1.e., there is a heat loss option (b) is correct. 

Wap Wac: 

Therefore work done during path A > B —> C is positive, 
option (c) is wrong. 

Work done is clockwise cycle in a PV diagram is positive. 
Option (d) is correct. 

(a, b) 

Process A to B 

As the temperature remains the same, this process 1s 
isothermal. Therefore there is no change in the internal 
energy. Option (a) 1s correct. 
Also Py Vo = Pp x 4 Vo 


= Pp = fo 4] 0 
4 
Work done 


AV, 
W =nRT, log, — 
Yo 


= BY log. 4 [ ByVo = nRT,] 
The process BC is not clear. Therefore no judgement can be 
made for point C. 
(a, c, d) 


It is given that heat Q flows only from left to right through 
the blocks. Therefore heat flow through A and E slabs are 
the same. 

.. [a] 1s correct option 


Q, =Q, #Qe+ Q, =O; 


Since heat flow through slabs A and E is same, 
[b] is not correct. 
We know that resistance to heat flow is R= 


Let the width of slabs be Z. Then 
L 1 AL 4 


R A= os RB = a 
2K(4L)Z 8KZ 3K(LZ) 3KZ 
AL i AL 4 
Rc = OTT D —— SS 
AK(2LZ) 2KZ SK(LZ) 5KZ 


L | 


R SS | SS 
5 6K(4LZ) 24KZ 


24. 


ZS: 


P-S-97 


Now, AT= QR 

As R; 1s least, AT; is also smallest ie since the resistance to 
heat flow is least for slab E,, the temperature difference across 
is smallest. 

.. Option (c) 1s the correct answer. 


Also 
ATo To 
oO SS 29K 7 (AT 
Gc Re 1/2KZ (Aic) 
—ATz  ATo _ 3KZ(ATc) 
BR, A/3KZ 4 ae mee 
—ATp — ATco _ 5KZ(AT.) 
CD-R AISKZ. 4 Lat Orc! 
3KZ(ATc) 5KZ(ATc) 
Op + Op =p 
r 4 


.. (d) is the correct option. 

(a, b, c, d) 

We know that dQ = m C dT in the range 0 to 100K 

From the graph, C increases linearly with temperature 
therefore the rate at which heat is absorbed varies linearly 
with temperature. Option (a) is correct 

As the value of C is greater in the temperature range 400- 
500K, the heat absorbed in increasing the temperature from 
0 - 100K is less than the heat required for increasing the 
temperature from 400 - 500K option (b) 1s correct. 

From the graph it is clear that the value of C does not 
change in the temperature range 400-500K, therefore there 
is no change in the rate of heat absorption in this range. 
Option (c) is correct. 

As the value of C increases from 200-300K, the rate ofheat 
absorption increases in the range 200-300K. Option (d) is 
also correct. 


(a, b,c) 
3 5 
Total energy = a RIt aRT= 4RT 
T 
.. Average energy per mole = oe ie 2RT 
_ [YRE 
We know that V oud = ava 
ny +N» | Ny 
Y mix = YI = Y2 —1 
in aa a 
Y mix —! 2] i | 
3 
2 3.5 
Ymix 1 2 2 
es V mix =f oe Y mix ~~ 


26. 


© adi 
4. 1x24+1x4 
= — & M nix ee =3 
4x 
_ {6 
5 


te 
We know that V — 


rms 


“ge =< 


.. options [A], [B] and [C] are correct. 


we )He 
V ms da, 


(b,c) 
Applying combined gas law 
AY, _ PV) 
TY wt 
If V,=2 V, and T, = 37, then 
PV, Py,x2V, 2 
qT 37, 3 


Now change in internal energy 


AU= f [nR (Ty -T,)] = £ [PV>-P|V)] 


For monoatomic gas f= 3 


3| 3 
nu=3| 5A 2h - RY |=3Ry, 


(b) is the correct option. 
Now assuming that the pressure on the piston on the right 
hand side (not considering the affect of spring) remains the 
same throughout the motion of the piston then, 


kx kx 
Pressure of gas = hae > P,=P oi 


where & is spring constant and A = area of piston 


l 
Energy stored = Pal 


”. Ais correct 
Now 
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w~ fray ={{R Slay = [Rav +fav 


W = [Rav + [x (dx) A 


2 
W= B (Vp - Vi) + 


. BV, 
Here on applying a 


BV. 4P 
ss we get P = —l 
[> 3 


2V, 
and V> =V, + Ax x= [eV =3h)] 


7 
52 Py, 
Cc 


We 2P,V,+ eel cual 
in 2 ee eee 
C is correct option 
Heat supplied 
O=W+AU 
TPV, 3 
= —114=(Pyy - BN) 
3 2 
TFV, 314 
= eR ar ay |= “bay 
3 23 6 


E. Subjective Problems 


Wg i= 
W.-W, = V 'xd'pxg 
Also, V=V(1+BAT) 
and do =d,'(1+y;AT) 


Vxde xg 


... (i) 
... (il) 
... (ill) 
... (IV) 


From (ii), (iii) and (iv) 
V+BAT)xdy 


W)-W,= 1+7,AT ... (V) 
Dividing (1) and (v), we get 

Wo-W, _Vdeg(it+y (AT) 

Wy-W, V(1+BAT)d;g 

Wo-M _l+yeAT _ Wo-M _ lye -4) 

W)—-W, 1+BAT Wy-W,  14+B(t, -t) 


=> (W-W)IIL+BG -4)=M-Wa) +7 el - 4) 
(Wo -W)(t2-t)) (Wo -W2) 

Ky=0.92 cal/sec-cm-°C 

Ky= 0.46 cal/sec-cm-°C 


> Yer 


[Te] 
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NOTE THIS STEP: The heat flow through AB 1s divided 
into two path BC and BD. Symmetry shows that no heat will 
flow through CD. Therefore 
KyA(60-Tp) Ky A(T -10) > Ky A(Tp -10) 
td 20 20 
On solving the above equation, we get 
T= 30°C 
As Cisa point at the middle of BE therefore temperature at 
Cis 20°C. 
Similarly temperature at D is also 20°C. 
PV=nRT 
When P, T are same n « V 
As volumes are same, both samples will have equal number 
of molecules 
(i) Region AB : Heat is absorbed by the material at a 
constant temperature called the melting point. 
The phase changes from solid to liquid. 
Region CD : Heat is absorbed by the material at a 
constant temperature called the boiling point. The 
phase changes from liquid to gas. 
(ii) Latent heat of vaporisation = 2 (latent heat of fusion) 
(nil) O=mc fe AT. 


AT 
The slope DE = —— = —— 
mc 


NOTE : The slope DE indicates that the temperature of the 

solid begins to rise. 

(iv) The reciprocal of heat capacity in solid state is greater 
than the reciprocal of heat capacity in liquid state 


Comes 
—— > ——— 
MC? solid mc 


liquid ~ Csolid 


= - 830 30 = 800 mm Hg ; Py ? 
Vv =V ;V,=V; T,=T ; T,=T-0.01T=0.99T 
PY, _ Po V2 PT, 800x0.099T 
T ~~ T ae P, Se 

l 2 T T 
Total pressure in the jar = 792 + 25 = 817 mm Hg 
A-—B Astraight line between A and _ P 


=> (MC)iguid > ()sorid 
liquid 


= 792 mmHg 


es A B 
B in V-T graph indicates V « T 

= Pressure is constant. 

B > C Volume is constant. Since the : 


temperature is decreasing, the 

pressure should also decrease. V 

C > A The temperature is constant but volume decreases. 

The process is isothermal. 

Lead bullet just melts when stopped by an obstacle. Given 

that 25% of the heat is absorbed by the obstacle. Therefore 

75% heat is used in melting of lead. Initial temp. = 27°C 
M.P. = 300°C 

(0.75) K.E. = Heat utilised in increasing the temperature and 

heat utilised to melt lead at 300°C 


| 
(0.75) x 5M" = Mc AT+ ML 


1 
(0.75) x 5 v? =(0.03 x 300+ 6) x 4.2 


[4.2 to convert into S.I. system] 
v=12.96 m/s 
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Work don in an adiabatic process 1s 
1 
W= [oy ah —BY] 


Here, P, = 10° N/m’, V, =6 £ =6 x 107 m? 


Y 
P,=P, ca ,V,=20=2x10% 
7) 


3 
Given that C,, = 5 R 


> = = 
C= aR C43 G =k 
C 
-—P ~] 67 
=C 


Vv 


6 1.67 
P,=10° S| = 105 x (3)!67 = 6.26 x 105 N/m? 


W= [6.26 x 10° x 2 x 103 -10° x 6 x 107] 


1—1.67 


w= 1252-600 Belles 973.1] 
—0.67 | I 067 ~~ 


Work done is negative because the gas 1s compressed. 
NOTE : Since the temperature and surface area is same, 
therefore the energy emitted per second by both spheres 1s 
same. 


We know that Q = mcAT 
Since Q 1s same and c 1s also same (both copper). 


l 
mo —— 


AT 
Mass of hollow sphere is less; 
Temperature change will be more. 
Hollow sphere will cool faster. 


10. @) F=PxA=105x1=10°N 


p= P= ap =FxAt=10° x1=10° (i) 
Now, momentum change per second 
(Ap) =n x 2mv (11) 
Where n is the number of collisions per second per 
Square metre area 
From (1) and (11) 
5 

n x 2mv= 10° Re joo 

2mv 


Root mean square velocity 


3RT 3x8.314~x 300 
y= ae ST aeecer ram = 483.4 m/s 


According to mole concept 6.023 x 107? molecules will 
have mass 32 g 


32 


1 molecule will have mass 93 8 
6.023 x10 
5 23 
gos oe ON oie! 
2x32 x 483.4 
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11. 


(ii) The kinetic energy of motion of molecules will be 
converted into heat energy. 


be 
K_E. of 1 gm mole of oxygen = anne ... (I) 


where vy is the velocity with which the vessel was 
moving. 

The heat gained by 1 gm mole of molecules at constant 
volume for 1°C rise in temperature 


=nC Al =i C x1 > €. ... (iI) 
From (1) and (11) 

ese, Bites 

9) 0 V ul, Vv y-1 

l R 

— Mv = — 

2 y-l 


“Oo” ¥M(y-1) 


[ -- y= 1.41 for O, (diatomic gas)] 


For the left chamber 
PV PB x243 
—————— = —_ X 
I 0 32 xX fl 
243 ViIp 
— f= *K a 
1 32% ” 
For the right chamber for adiabatic compression 
243 


We get, Py V =the 6 


3/5 
V. 8 
2 (2) = t= 5, 0 


Vo 243 27 

But Vi t+V,=2V, 

8 46 os 

V, =2V,-—V.,=2V,- —V,=— V, (il 
1 07 12-2" 0- aal0 = 5a %0 (11) 
243 46xVo 

F d(ii) 7,=—x x 

rom (i)and(i1) 7; 32 “Vp x27 0 


207 
Or, sar ie (approx.) 


To find the temperature in the second chamber (right), we 
apply 
ie 
(T\' (B\" 
bh) \B 


5/3 Niet 


(T\~ (243% 
Ty ) “(Gar | 


Work done in right chamber (adiabatic process) 


=> => ,=2.25 To 


1 
W= ——(PV7 - Fo) 
Ly 
3/2438 
SP Py. 
-E ao ee | 


3(9 15 
= -3(7 1) KyVo = anes R1o =-—15.8 To 


13. 
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Let x moles shift from high temperature side to low 
temperature side. 
for left bulb PV=nRT 
76 x V=nR x 273 Initially 
P'x V=(n+x)Rx273 Finally 
Dividing, we get 


P' n+x 


== ... 0) 
76 n 
Initially 0 0 
we Finally eee 
For right bulb 
76 x V=nR x 273 Initially 


P'x V=(n—x)R~ 335 Finally 


On dividing, 
Pe brs , 339 i) 
76 X 273 
From (1) and (11) 
n+x n-x : EEE) 
n on 273 
608 ee 
> n= 7a ... (It) 
Substituting the value of (111) in (1), we get 
P' 62 
Se) 
76 608 


670 
> P= 608 x 76 = 83.75cm Hg 


Let A be the area of cross-section of the tube. 
Since temperature is the same, applying Boyle's law on the 
side AB 


Px (x x A) =P, x (x, x A) (i) 
Applying Boyle's law in section CD 

Px (x x A)=P, x (x, x A) ... (il) 
From (1) and (11) 


P, x (x, x A)=P, x (x, x A) 
=> P)x,=P.x, 
where P.. = P, + Pressure due to mercury column 


Pressure due to mercury column 
_ F_ mgsin30°__Vdgsin30° 


A A A 
A x5) x dgsin 30° 
A =5 sin 30° cm of Hg 


P, =P, +5sin 30°=P, +2.5 
Substituting this value in (111) 
P, xx, =[P,+2.5] <x, 


GP_3481 


Heat & Thermodynamics and Gases ———$$_$ —————_ 9 


P, x 46=[P, +2.5] x 44.5 


— 44.5x2.5 
L185 
Substituting this value in (11) 
44.5x2.5 

Pxx=— x 46 

: eee LOK ED ge 

2 1.5 
+ 

[es x= 717 *2) = p=75.4cem 


14. Weknow that PV =nRT 
_ PV _16x10° x 0.0083 _ 16 


—________—- = — = 5 33 moles 
RT 8.3 x 300 3 
5R 3R 
a ae: 


When 2.49 x 104 J of heat energy is supplied at constant 
volume then we can use the following relationship to find 
change in temperature. 

Q=nC, AT 


Q — 249x10* 


ny 5 33x : x83 


= 375K 


Therefore, the final temperature 
= 300 +375 = 675 K 
Applying Gay Lussac's Law, to find pressure. 


f_% 
15 
PT, 1.6x10° 
= p= A _ POX XO? 83 6x 106Nm2 


i 300 
15. (@) P-—V diagram is drawn below. 


2 PV, =nkRT, 
P, x 20x 10°3= aXS 00 
P, =2.49 x 10° Nm 
PV, Pw. 
Avplvin a tele. 
pplying —— Fr T, 
For 1-2 
20 4 
ees => T,=600K 
300 Ty 


2 — 3 is adiabatic expansion. 
i A 


16. 


P-S-101 


Now, P3V,=nRT, 
nRT; 2x8.3x300 5 ) 
P= Ue ION 
b3 113 x10 
(NOTE: 7, = T, given) 
(iii) W=W,,+ Wp, 
nR 
W > = work done at constant pressure 
W.. = work done in adiabatic condition 
“x 8.3 


=2.49 x 10° (40-20) 103 + (600 —300) 


; 
= 4980 + 7470 = 12450 J 
KEY CONCEPT : The final pressure on the gas 
= atm pressure + pressure due to compression of spring 


5 8000 x 0.1 
=> P,=10 te ae 
8x10 


10° N/m? 


Heater 


The final volume, 
V, = +xA 
=74x 1034+0.1x8x 103= 3.2 x 10-3 m3 
PV, By. PyVoT, 
Appl A a5 Ds pe ee 
pplying —— r r. 2 py. 


210° x3.2x107 x 300 


10° x2.4x10° 
NOTE : Heat supplied by the heater is used for expansion 
of the gas, increasing its temperature and storing potential 
energy in the spring. 

Heat supplied 


= PAV +nCAT +k? 


= 10° [0.8 x 10-3]+ roa AT +— ha 


10° x2.4x107 3 
2 x 300 2 


= 80+ 2500 + =x 8000 «0.1 


=720J 
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17. (i) Let pressure= P, Volume= V and Temperature = T be Let the system initially be at point A at pressure P , and temp 
the initial quantities and Pressure = P’, Volume = 5.66 V T , and volume V ,. 
Temperature = 7/2 be the final quantities. Process A to B 
For adiabatic process The system is isothermally expanded and reaches a new 
sg va 7 y-1 state B (P,, 2V,, T,) as shown in the figure. 
iy’ = ae V)'" => 2= (5.66) Process B to C 
; ; = oe The system is the compressed at constant pressure to its 
ear aa a a original volume to reach at state C (Pp, V,, T-) 
Process C'to A 
te oe Finally at constant volume, the pressure is increased to its 
a a aes pane f original pressure to reach the state A again. 
(b) The total work done 
=> fess W= Waste scot We 44 
Thus degrees of freedom of gas molecules = 5 = nRT, log, oe +nR (To—T,)+0 
(ii) For adiabatic process the pressure-volume relationship V4 


1S 


OV (Has 
=2. RxT,]| —=+3R| + -T 


P P 
=> Pp =2.08 RT,- = RT, = 0.58RT, 


2 (5.66)'-4 11.32 


Work done for adiabatic process NOTE: The total work done is equal to the heat exchanged 


as the process 1s cyclic. 


PV — ( P (5.66) 19. Lets find out the work done in the cycle 
wa BOTA NINB2) 95 py E 
tel Lael 2atm |---- 
18. (a) Process A to B (isothermal expansion) 
PV,=PpVp latm ---- 
=> PV.=P,x2V, 


P 
=> P= = 
marae 300K 400K 
pinata ones Work done from A to B (Isobaric process) 
P W p=nR (Tz-T,) 
Ve Vo =nR x 100=2 x 200 x 8.32 = 1664 J 
a = Tes Work done from B to C (Isothermal process) 
P 
V4 Va Wy = 2.303nRT logy 7 
I, Ic 4 
T _ 2_ 
=a = = 2.303nR x 400 logy 7 =277.2 nR 
Process C'to A [volume is constant] = 554.4 x 8.32= 4612.6 . 
P Work done from C to D (Isobaric process) 
BC EM, Et W op = nR (Ti) Te) = aR (300 — 400) 
Ic OT, To Ty, =— 100nR =— 200 x 8.32 =— 1664 J 


Work done from D to A (Isothermal process) 


F 1 
Wy = 2.303nRT og 19 a = 2.303nR x 300 logo ; 
A 


=—207.9nR 
=—415.8 x 8.32 =— 3459.5 J 
The total work done= W2+ Wpot Wopt Wp, 
=1153J 
(a) AU=Q-W 
For complete cycle AU=0 
. Q=W=1153J 
(b) W=1153J 
(c) AU=0. Since, the process 1s cyclic. 
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20. Given 7,=1000K 


(i) Wp (adiabatic expansion) 
_ nR[T 4 —-Tp] 


Here, n= 1, R=8.31 Jmol! k!, T,=1000K 
y= 3 (For mono atomic gas) 


To find Tp, we use 


T1P,’ =T{P,’> 2a) 7s 
B B 


aa 1-5/3 


P Ta 
=> T,=T, a =1000| > 3 = 850K 


Pp 


i eg COU aay 
ae 5/3-1 7 
(ii) Heat Lost B>C 


QO=nC, AT=nC, (13-Te) 


3 ; 
Here, n= 1, C,= > (For mono atomic gas), 


2 
T,=850K 
P li 
To find T-, we use —2 = —— (volume constant) 
Ip Ic 
P T, 
— (ii) 
Pa Tz 
l 
—pP 
F l P A 
= To=&x Ts =—x850 = 425K]: = 3 — = - 
Pr 2 Py 25 
3 PA 


3 
O= 1x 5 x 8.31 [425—850]=—5298 J 


(iii) Temperature 7, : C to Dis adiabatic compression 


Came: 


Pp ge Tp ...(11) 
D to A is isochoric process aD = PA 
p -L4 
Pa _ 14 | 
= Pe, ie ... (iV) 
Multiplying (1) and (111) 


py (Tt | 


21. 


22. 


P-S-103 


(EP ie Fay 
LP, Pp “(7 T, } .... (V) 
Multiplying (11) and (iv) 
(P,Px\ (TeT,) | 
Pp Pp Tots ... (VI) 


From (v) and (vi) 


=i 

(TaN AE _, Late _, 
ais). “ais "ar, 
T4Tc 1000x425 

i 850 
(i) The process is cyclic, therefore AU = 0 
Now, AQ = AU+ AW 
AQ= 
Q, + Q) + Q3 + Q,= W, +W.+W3+ Wy 
5960 — 5585 — 2980 + 3645 = 2200 — 825-1100 + W, 
W, = 765] 


=> Tp= = 500K 


YUUYUY 


Work done 


 X Op aaa Shaseaaia 
ae ey Rence i Heat supplied 


W, + W, + W; + W, 
Q, +Q, 
1040 
_ UAV = 10.82% 
~~ 9605 : 


The total pressure exerted by the mixture P= 10° Nm? 
Temperature T= 300K; Volume=0.02 m3 
Let there be x gram of Ne. Then mass of Ar will be 28 — x. 


Number of moles of Neon = oa 
28—x 
40 


Number of moles of Argon = 


Partial pressure due to Neon; 
_ (x/20) RT 
PY 
Partial pressure due to Argon 
— [((28—x)/40] RT 
P2- V 
But according to Dalton's law of partial pressure 
P= Pi t+Po 
x RT “ (28—x)RT 
20V AOV 


10°= 


10° x 40 x 0.02 
8314x300 


= Mass of Neon = 4g 
Mass of Argon = 24g 


=x+28 > x=4g 


P-S-104 


23. (a) 


(b) 


(c) 


(d) 


o—_———— — —— )SESOlopic-wise Solved Papers - PHYSICS 


Saal, = bd => np=2mol. 
3+5np 13 
We know that 


Ly, AS: RL 
Yn-! Ya! Ye-l 
where y,,, = Ratio of specific heats of mixture 
Here, ny, =1, y, =5/3, Yp =7/5 
According to the relationship 
19 


py 3 = constant, we get y,, = = 
? m 


1B 
On substituting the values we get np, = 2 mol. 


We know that velocity of sound in air is given by the 


relationship 


pes where d = densit - 
v 7 ere ensity= 7 


(n4 +N) 


IY (ny +npyRT 
7 Mm 
V 


Mass of the gas, m=n,M,+npMp=1x4+2 x 32 


= 68 g/mol = 0.068 kg/mol 


_ EAE) AO O10 _ an 4 
v= I 73x0.068 aaa 


Velocity of sound, 
_ PRE aye aye LROPAD 
V= apa andy + Av= yf 


v+Av_ [T+AT ( ary" 
=> = =| 1+— 
v T T 


AT 
When AZ << 7 then - << | 


Av 1 AT 
1+ —=l1+-— 
v pe i 


Percentage change a x 100 = i x — x 100 
v ab 


Boot Siesta 
Vv 2 300 6 
PV = Const. 


Differentiating the above equation 
Vi (aP)- P(yV'-! dV) =0 
=> WdP=yPV'av 
aP _yPv" 
dV yy 


ae yPVYtY = yP 
V 


_dP 
cc yg 3 
avi 


Bulk Modulus B= y P 


1 1 
Compressibility K= > =—> 


B yP 
Gee cee 
YA YP, 
aK=K,-Ky=t 1 
YP, YR Y¥\R A 


Since the process is adiabatic, P,V = RV," 
Rom wi 
= ry) Vy, /5) 
ce ae ( 
AK= — === SS SSS 
ast R) WF \sY 
_ (ag tng RT _ (1+ 2)x831xT _ 24.937 
= ; ; : 


“af HL) ang 


Py 


‘ae 1 ( 1 ; 
= 7 19/13 
19 2493x415 

13 V 
=~8.27x10°V_ [-: T=300K] 


5 
24. (i) 7, =27+273=300K; y= 3 (for monoatomic gas) 


i “I 
TV =TVy 


7 -nR(T> -T,) —2x8.31(189 —300) 
ll = FF 


y-l 5/3-1 
= ASKS = +2767) 


Change in internal Energy 
According to first law of thermodynamics 
AQ=AU+ AW But A O=0 
(as the process is adiabatic) 
AU=-—-AW=-— 2767 J 
(ili) W=2767J 
25. Heat lost by steam = Heat gained by water 
mL pys= Me AT 
m,cAT  0.1x 4200 x 66 
7S Lis 54010? x 4.2 
‘fus x ee a 


= 0.0122 kg 
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n=1, for diatomic gas, P 


=1+—=-=+14 
Lee 5s 


A — B, adiabatic compression 


B - C, isobaric expansion D 
C — D, adiabatic expansion 
D — A, isochoric process A ' 
V, 
Given ae 16," =2 
Vp Vp 27. 


T = 300K, Tp=?, Tp =?,n=? 
For adiabatic compression process 4 > B 


TV") =TpV J oF 


y-l 
Tp = Fa. Ty =(16)7/> x300 = 909K 
B 


For isobaric process B + C : According to Charles' law 


(Vo 


Ve Ve T=, 


AS. 3 == OL 


\ 
T, Te | =909 [2] = 1818K 


Vp. 

For adiabatic expansion process C > D: 
V 

As VA gana ce 2; hence 7 8 


B B C 
According to Poisson's law, 


TV =TpV}* 
T=T| © * isis] = SS =791K 
DFG Vp = 8 (64)1/5 > 

For B > C process : Heat absorbed 


O, =nC, (To-T,) 


R 7/5)R 
= n (Ie oe pes ee 


(2/5) 


(1818 —909) 


= «909 =3182R 


For D > A process : Heat released 28. 


R 
Q,=nC, (Ty-T4)= n> {UD —14) 


— 1,—*_ (791-300) = x 491 
(2/5) 2 


(‘.- No heat is exchanged in adiabatic processes). 
nR 


R R 
- -*_(999—300) = —* « 609 
(2/5) 2 


Wyc=— nk (To— Tp) = 1x R (1818-909) = 909 R 


nR R 
W..= —-— (rp -Tp) = +—— (1818-791 
CD 7-1" D) (2/5) | ) 


P-S-105 


= hy 1027 
ps 


W 


net 


SR SR 
=909 R+ —- (1027-609)=909 R+ — x 418 
=909 R+ 1045 R= 1954R 


1954R 
3182R 


Let the pressure at point O be Pp. Since the liquid is at 
equilibrium at 1/ 
P 4+ hy Po5e8 = Py + h Pso 8 
=> Po=PythyPg5-8-N P58 ... 0) 
Since the liquid is at equilibrium at NV 
=> PythPso.g=Pyth pg5o8 
=> Py=Pyt hops. Z-Nh Pgsok ... (il) 
From (1) and (11) 
Pg t hyPos508—h D508 
= P4 MpPso &— h Pose 8 


Efficiency= 100 x (W,,./Q,) = 100 x = 61.4% 


xz 


Pc 
=> —~=1.018...0) 
Pos° 
We know that 
Pg =P, (E+ yAZ) 
Applying the above formula, we get 
Po = Pose (1 + x 95) 
Po = Ps (1 +7 x5) 


o 14+95 : 
Pse tr ... (il) 
Pose +5 Y 
From (1) and (11) 
14+95y 7 
14.57 =1.018 => y=2.002 x 10 
But y=3a 
-4 
=> a= y _ 2.002 x10 7 =6.67 x 10> °C -! 
3 3 
=1,F ae © mys C _ 3K 
n= 1, For monoatomic gas: C,= Fs 


Cyclic process 

A — B = Isochoric process 

C— A = Isobaric compression 

(a) Work done =Area of closed curve ABCA during cyclic 
process. 1.e. AABC 


1 l 
AW= ae base x height = > Vo x 2P9 = PoVo 


(b) Heat rejected by the gas in the path C4 during isobaric 
compression process 
AQc4= nC, AT= 1 x (SR/2)(T,-Te) 
_ 2foo 7 _ foo 
CU IxR’ 4 IxR 


SR| PV 2PM 
oe eo 


5 
=-—PV, 
| 7 0°0 


P-S-106 
Heat absorbed by the gas on the path AB during 
isochoric process 
AQ 4p =nC AT= 1 x (3R/2) (Tp—-T,) 
RB R 
= 3R} 340%0 _ Foo = 3PVo 
2{|1xR I1xR 
(c) As AU=0 incyclic process, hence, 
AQ= 
AQ 43 + AQc 4 t+ AQ c= AW 
PV) RPV 

AQgc = Polo- =o = a ° 


29. 


NOTE: As net heat is absorbed by the gas during 
path BC, temp. will reach maximum between B and C. 


2P 
(d) Equation for Line BCis P=— Ed aus) ag 
0 


RT 
P= Ty [For one mole] 


2R 
RT=- —y?+5PV ..(i) 
Yo 
F as 0 2% 2V+5P,=0 
———— oe eC — a 
or maximum; ~7; = 9, V, 9 — 9; 
y- ho 
er” .. (il) 
Hence from equation (i) and (11) 
2 
—2P) (So ($70 
= ——x|—| +5R)| — 
Al max 4 A 
25 _ 25FVo _ 25 
=_ Vi 
nO ag a 
— 25 Povo 
max — ry R 
Case (1) 
According to Newton's law of cooling 
a __er_r > aid =—K'dt 
aa al f=T, 
On integrating, we get 
350 aT 
(oF = Kf at 
400 T-T, 0 
350 ty 
—[log, (T—T 4) V4o9 = [4p 
= ois 350-300 _ K't 
400 — 300 


lo zu 
=> 108, 50 


Case (11) 

NOTE : When the body_X is connected to a large box Y. In 
this case cooling occurs by Newton's law of cooling as well 
as by conduction 


eLEy aes Pie 


dt CL 


=K't or Kt, =log.2 ...@) 
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aT KA 
=> -—=|K'+—|7T-T for t>t 
Ai CL | ( A) (for il 
Where K = coefficient of thermal conductivity of the rod. 
—aT ks Ka 
T-T, CL 


On integrating, we get 


ia l, =f.'(xs ae at 


=> -[log.(T-T4)]z59 = tonolon 


> 0g. = [x +A 22K Ly 
50 2KA 
25: Hggea* igs a= 7 
Fe F300 (log, ) CL ] 


2KA 
50 agrorer CL th} 
— 300 


—2KAt 
=> T-300=50 e llo8e4] x ¢ CL 


~2KAt, 
=> T=[300+12.5e cy |Kelvin 
30. n=no. of moles = 2, 
(A) The complete process is shown on P-V diagram in the 


figure. 


Heating at constant 
| Volume V> 
P [onseneorsnrne eee \B 


Adiabatic 
compression 


(B) (1) Total work done 
Wi "272) 
(y -1) 
[ ieee x0=0] 
V, ) Y 
According to Poisson's law, P, =P, us j 


W= Wypt Wac= +0 


w= ann a(By v | 


y-l 
Yi V 
ae aa aes 
7 Vy \V, 


For monoatomic gas, 
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31. 


(i) AU=AUs,+AU,-=O-W 


( Vy; \ 
“RY 1 
=Q-— FV, c Z j 
[according to first law of thermodynamics] 
BoC O = AU Bc +0 
A-~>B O = AU yp +W 
(1) For process BC : AUpo=nC, AT= — 
L Wec= 9] 
: siesta 
or monoatomic gas C, = y—1 5 
3R 
A =Q=2x — AT 
Usc Q . 9) 
Q 
H APS. 
ence aR 
According to Poission's Law : 
For the process AB, T,V} 1 =T BE ie 


-| 
(v\'~" BY 
or Ty=Tyl = =it) + 
V> nR V> 
= tiyry! Sy Byer 
2R 2R 
Pye ?yz2!/3 
Hence, T= Tz + AT= cs LAne oa 


2R 3R 
For PV*= Constt., Molar heat capacity 


R R R R 


ee 
re Ag ae 
3 2 


Here P?V = constant or PV!/2 = constant 


1 
xX = 
2 
=>C =3.5K 
Qa _yp=NC AT=2(3.5 R) (300—600)=— 2100R 
Process B—C: Process is isobaric therefore 


5 
Qz_,c=nC, AT=(2) ea (ia=T 5) 


-2(2r )er,-1 T,) =(5R) (600-300) = 1500R 


Heat is absorbed 
Process C — A: Process is isothermal 


33. 


P-S-107 
Fo 
AT=0andQc_.,=We_,,=nRI clin ay 


2P, 
=nR2T)) in ai = (2) (R)(600) In(2)= 1200Rx0.6932 
Qco_, 4 = 831.6 R (absorbed) 


Here the equilibrium temperature is 273 + 27 = 300 K 
Also according to the principle of calorimetry 
Heat lost by container = Heat gained by ice. 
Heat lost by container : 
NOTE : Since specific heat is variable, we need to take the 
help of calculus to find the heat lost by the container. 
Let dQ be the heat lost when the temperature decreases by 
dT at any instant when the temperature of the container 
is T. 

dQ=mc aT 
where m is the mass of the container and C = 
specific heat at that temperature 

dO =m(A+ BT) aT 
On integrating, we get 


A+ BT is 


300 
300 BT? 
O= [Sms arnar=m ar 


500 
=— 21600 m calorie (heat lost) 
Heat gained by ice 
This heat is to be divided into two parts 
(i) O° ice 0° water 
(11) O° water > 27° water 
Q,=mL Q,=mcAT 
=0.1 x 80,000 =0.1 x 10? x 27 
= 8000 cal = 2700 cal 
QO, + Q, = 8000 + 2700 = 10,700 cal .. (i) 
Heat lost = heat gained 
21600 m= 10,700 
=> m=0.495kg 
(a) Since AB isa straight line in V-7 graph 


V 
7 = Constant (Isobaric process) 


Me 2B 
T, Tp 
VR .. VB 
Tp= — xT4=2x300=600K “= =2 
BY, A VY, | 
(b) (3) A toB isa isobaric process 


5 
O=nC, AT =2 x Ze 


=1500R 


NOTE : Heat is absorbed as Q 1s positive. 
(un) Bto Cisan isothermal process. 

Since the temperature is not changing 

Internal energy change dU =0 

From first law of thermodynamics dQ = dW 


E Cy = =R for monoatomic ea 


P-S-108 


34. 


35. 


i 
O= 2.303 x nRT log 9 7 
l 
= 2.30. x2 x R x 600 x log; ,2 
= 2763.6 x log)) 2 x R= 831.8R 
NOTE : Heat is absorbed since temperature 1s same 
but volume increases. 
C To D 11s a isochoric process 
dw=0 


“. Q=nC,AT = n{ >) (T,—Tp) 


(iil) 


3 
=2x ri x (- 300) =— 900 R 
Volume is constant as heat is released. 
D to A is an isothermal process 


fi 
“. O=2.303 x NRT logi9 7 
l 


(1v) 


(Ve) 
= 2.303 x 2 R x 300 x lB | F | =—831.8R 


Heat is released as Q 1s positive. 
(c) Total work done 

= QO, p37 Op yct Oc_,pt On +A 

= (1500 R+ 831.8 R)—(900 R+ 831.8 R)=600R 
The distance travelled by an 


1 
fhelium in —— 
atom ofhelium in 500 sec (time 


between two successive 
collision) is 2m. Therefore root 


mean square speed 
k—__ 1m —> 


C= aistangs gee 1000 m/s 
time 1/500 
_ {3RT 
(a) ButC,.= ie 
3x 25/3x%T 
=> 1000= ,|——_.— => T=160K 
4x107 
(b) Average kinetic energy of an atom of a monoatomic 
3 
= —kT 
gas= 5 
a. 3 -23 
+. Egy= 5 KT = 5 x(1.38x10 | x160 


= 3.312 x 10-*! Joules 
m 
(c) From gas equation PV = ‘Tuas 


_ PVM _ 100x1x4 


— RT 25/3x160 
When container is stopped, velocity decreases by vp. 


=> m=0.3012 gm 


1 
Therefore change in kinetic energy = 5 (nm)vo.. (i) 


36. 


37. 


38. 


39. 
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Here n = number of moles of gas present in the container. 
The kinetic energy at a given temperature for a monatomic 


ae 
gas 1S = a nRT 


3 
Change in kinetic energy= 5 xNR(AT) _ .... (ii) 


where AT = Change in temperature 


From (1) and (11) 
3 1 2 mv 
—nR(AT) == es =e 
an (AT) 5 AT ap 


(a) The rate of heat loss per unit area per second due to 
radiation is given by Stefan's-Boltzmann law 


E=eo(T*-Th) 


17 s 
=0.6 x x10 *[(400)* — (300)*] = 595 watt/m2 


(b) Let 7,., be the temperature of the oil. 
Then rate of heat flow through conduction = Rate of 
heat flow through radiation 


KA, -T 
ae 7 ) = 505 x4 
where A is the area of the top of lid 
yp = 595K pe 595 x 5x10? ee 
oe 0.149 : 
At constant pressure, we have A _ Dh 
yo Vy 
also, V=A xh 
Sis 
Ah Ah 
p= Th 400,14 
T, 300 3 


when the gas is compressed without heat exchange, the 
process is adiabatic 


ny fe 
T',=T, |= = 400| — K 
{49 Ly J 3 
Rate of heat produced = Fx v 
=(6mnNrv)v 


2(o-p)r? : 
~(6xnn 20-28 : J 


[ Viscous F=6 rnrv] 


: Terminal velocity = 
n 


2(o- p)r*g 
9 

= Rate of heat produced « 

From the figure it 1s clear that emission takes place from the 
surface at temperature 7, (circular cross section). Heat 
conduction and radiation through lateral surface is zero. 
Heat conducted through rod 1s 


_ KA(T, —T,)At 
- l 
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40. 


41. 


Energy emitted by surface of rod in same time Az, 1s 


E=eoA(Ty -T)At 


Since rod is at thermal equilibrium therefore E = Q 


hence, 


— 


Here 75 


Haar eT \S= 


KA(T) — 1p )At 


=eo A(T) -T) At 
eo(T) -T!)L 

K 
—T, = AT and T, >> AT 


T, -—1,= 


Sf [(ar +7.) 7 


2 ect 


4eol i 
K 


The proportionality constant = [ + 


Initially, at temperature T 
Fp=mg 


Axpg = ALPpg 


— 


xp, =Lp, ...(i) 


At temperature 7+ AT 


FR 


a mg 
A'xp'; g = ALpPpg 


[mg remains the same as above] 


Now, 4'=A (1 +207) 


p', =pe(l-yAT) 
A(1+2aAT)x pe(l—yAT)g = ALp,g 
xpe(1+ 2a AT)(1—yAT) = Lp, 


xpe(1+ 20 AT)(1—yAT) = xpe 
1+2a0AT-yAT=1 

y=2a 

Heat supplied to the cylinder = Energy used to raise 
the temperature of cylinder + Energy used for work 
done by the cylinder. 


[From (1)] 


42. 
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Energy used to raise the temperature = mcAT 

= 1 x 400 x (7-20) ... (i) 

where 7°C is the final temperature of the cylinder. 
Energy used for work done 


= Pam (Vo- V1) = 10° (V5 - Vy) ... (ii) 
The final volume V, = V, [1 + y (7—20)] 

=> V,-V,=V,y(T-20) ... iti) 

From (ii) and (iii), 


Energy used for work done = 10° Vy (T-20) 


1 5 I 
= 10° x 9000 x9x10 ~(T— 20) E y= oi aa | 
= 0.001 (T—20) ... (IV) 
.. Heat supplied to the cylinder 
= 400 (T—20)+ 0.001 (T—20) 
20,000 = 400.001 (7-20) 
=> T=69.99°C = 70°C 
(b) Work done=0.001 (69.99 — 20) = 0.0499 J 
(c) Changein internal energy=20,000—0.0499 = 19999.95 J. 
(1) lost by steam at 100°C to change to 100°C water 
= 0.05 x 2268 x 1000 = 1,13,400 J 
(2) be, by 100°C water to change to 0°C water 
=(0.05 x 4200 x 100= 21,000 J 
(3) Heatrequired by0.45 kg of ice to change its temperature 
from 253 K to 273 K 
=m S.,,* AT=0.45 x 2100 x 20 = 18,900 J 
(4) Heat required by 0.45 kg ice at 273 K to convert into 
0.45 kg water at 273 K 
= ML ¢, «i, = 0.45 x 336 x 1000 = 151,200 J 
From the above data it is clear that the amount of heat 
required by 0.45 kg of ice at 253 K to convert into 0.45 kg of 
water at 273 K (1,70,100 J) cannot be provided by heat lost 
by 0.05 kg of steam at 373 K to convert into water at 273 K. 
Therefore the final temperature will be 273 K or 0°C. 


F. Match the Following 


(A) > (q) : JK is a isovolumic process. Therefore work done 
is zero. But there is decrease in pressure. Now AQ = AU + 
AW. Therefore AQ= AU. In this case AU=nC,ATand P «T. 
Since pressure has decreased means temperature has 
decreased. Therefore AU is negative and so is AQ. 

(B) —> (p, s): KZ is a isobaric process. Pressure is constant. 
The volume is increasing therefore AW> 0. Also there is an 
increase in temperature. For both the case heat 1s absorbed. 
Therefore AO> 0. 

(C) > (s) : LM is a isovolumic process. Therefore work 
done is zero. The process is accompanied by increases in 
pressure. In this case, the temperature has increased and 
therefore AU > 0. Therefore AO> 0. 

(D) > (q, r) : The process M4/ 1s accompained with decrease 
in volume. Therefore AW < 0. Also from the graph we can 
conclude that the temperature in the process decreases. 
Therefore AU 1s also negative 

=> AQ<0. 

(A)-(q) : As the ideal gas expands in vacuum, no work is 
done (W = 0). Also the container is insulated therefore no 
heat is lost or gained (Q = 0). According to first law of 
thermodynamics 
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AU=Q+W 

AU=0 
= There is no change in the temparature of the gas 
(B)-(p, r) : Given PV2 = constant (i) 


PV 
Also for an ideal gas > constant 


From (1) & (11) Vx T=constant 

As the gas expands its volume increases and temperature 
decreases 

.. (p) is the correct option 

To find whether heat is released or absorbed let us find a 
relationship between Q and change in temperature AT. 

We know that Q= nCAT ...() 

where C = molar specific heat 

Also for a polytropic process we have 


R 
C=C,+ ion and PV"=constant 


Here PV2=Constant. Thereforen =2 


e — R — 
Pe C=C, +75 =C,-R 


3 
For monoatomic gas C,= rie 


3 R 
»C=iR-R=— 
9 2 


Substituting this value in (1) we get 


R 
Q=nx > XAT 


In this case the temperature decreases 1.e. AT is negative. 
Therefore Q is negative. This in turn means that heat is lost 
by the gas during the process. (r) is the correct option. 
(C)-(p, s) : Proceeding in the same way we get in this case 
V*'-x T= constant 

= As the gas expands and volume increases, the 
temperature decreases. Therefore (p) is the correct option 


In this process, x = 3° 


As AT 1s negative, Q is positive. This in turn means that 
heat is gained by the gas during the process (s) is the correct 


option. 
A(PV) 
nR 


Here A(PV) is positive .*. AT is positive 

.. temperature increase s (q) 1s the correct option 

From the graph it is clear that during the process the pressure 
of the gas increases which shows that the internal energy 
of the gas has increased. Also the volume increases which 
means work is done by the system which needs energy. 


(D)-(q,s): Also AT= 
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From these two interpretation we can comfortably conclude 
that the gas gains heat during the process. 

(s) 1s the correct option. 

A-p,1,t; B-p,r; C-q,s; D-rt 

(A) Process A > B 

This is an isobaric process in which the volume of the gas 
decreases. Therefore work is done on the gas. 
W=P(3V-V)=2PV 

Also temerature at B is less than temperature at A 

.. Heat is lost & internal energy decreases. 

(p, r, t) are correct matching 

(B) Process BC 

This is an isovolumic/isochoric process in which the pressure 
decreases 

Here temperature at B is less than temperature at C. 

.. Heat 1s lost and internal energy decreases. 

(p, r) are correct matching. 

(C) Process C > D 

This 1s isobaric expansion where temperature at D is greater 
than temperature at C. Therefore internal energy increases 
and heat is gained. 

(q, S) are correct matching 

(D)D>A 

This is a process in which volume decreases. Therefore 
work is done on the gas. 

Applying PV = nRT 


OPV 
for D P(QV) =1RT, -. Tp= > 

OPV 
for A 3P(3V)=I1RT, “. Ty = >? 
=>T,—T5 “.AU=0 
Now, AQ = AU + W .. AQ=W. 


The energy obtained by the gas by work done on it 1s lost to 


the surroundings as AU=0. 
.". (r, t) are correct matching. 
_ Po(8Vo) — 32Po(Vo) 
(Wry)adiabatic = — 5 — = 36PoVo 


ees 
3 


32Vo 
(Weg) isothermal — 1(3 2 Po Vo) log. Vo 


= 32 Py Vo log. 2° 
= 160 Po Vo log.2 
(a) is the correct option 


G. Comprehension Based Questions 


(a) NOTE : When the piston is pulled out slowly, the 
pressure drop produced inside the cylinder is almost 
instantaneously neutralised by the air entering from 
outside into the cylinder (through the small hole at the 
top). 

Therefore, the pressure inside the cylinder is Py 
throughout the slow pulling process. 
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2 @ 
3 (c) 
4. @ 
S. (db) 


KEY CONCEPT : The condition for equilibrium ofthe 


ae | 


piston is Seal 


Mg = (Pop) mR? f fl 
y 
i 
—Mg | 
> p=— +h 
. R? Po 


NOTE: Since the cylinder is thermally conducting, the 
temperature remains the same. 
Therefore 


P 
P, x (2Lx nR2)=py x mR? => ya xD 


At equilibrium, p = P 
> p=Pyot+@-AMpg .-@ 
Also Po x (mR? Ly) =p [nR? (Ly—H)] 


R 
_ 0*0 
> p T.-H” (11) 
From (1) and (11) 
Lok 


re, =fh+(Lo-A)pg 
=> LyPy=Py Lyo-H)+ Ly-HY pg 

=> pg (Ly—H)* + Py (Ly — A) —LoPy = 0 

The forces acting besides buoyancy force are 

(a) Force of gravity (vertically downwards) 

(b) Viscous force (vertically downwards) 

Force due to pressure of the liquid is the buoyant force. 
It is given that the bubble does not exchange any heat 
with the liquid. This means that while the bubble moves 
up and expand, the process is adiabatic. 

For adiabatic expansion the pressure -temperature 
relationship 1s 


i. 
F 
P, 
Here 7,=7,, = +Apyreg, 


5 
P, =) +(H—-y)prg , y “3 


5 
b= | Py +Hoxg ‘a 

fy +(H — y)peg 

2,3 

Z | fy + Apeg i : 
Fy +(H — y)peg 
2 
by =f, E : ' ws f 

0 Pres 


(b) 


(d) 
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Buoyancy force = weight of fluid displaced 
= (mass of fluid displaced) g 
= Vprg_ ..-(il) 
where V= Volume of fluid displaced 
= Volume of the bubble. 
Now, PV=nRT 
nRT nRT 
=> V =— = —__—_—_ 
P Fy+(H-y)peg 
Where P is pressure of the bubble at an arbitrary 
location distant y from the bottom. 
Substituting the value of tempertaure from equtaion (1) 


we get 
2 


nR olf + (A - y)peg}> 


_——— 
[Fy +(H1— y)prg] 2 
[Fy + Apeg 
a es (iii) 
= Z 
[Py +(H -y)prgh [Py + Heras 
From (ii) and (111) 


nR1oPc& 
3 


Buoyancy force = 5 


[Ry +(H-y)prg? [A + Hprg]? 
Heat lost by monatomic gas at constant volume 
= Heat gained by diatomic gas at constant pressure 


, nC, (700-—T) =nC,, (T — 400) 


= R(700-1) = 2 R( 1-400) 


=> 2100-3T =7T —2800 
=> 107=4900 
T=490K 
In this case both the gases are at constant pressure. 


nC, (700-T) =nC,,, (T-400) 


=R(700-T) == R(T -400) 


3500-—ST=7T-—2800 
=> 12T=6300 
T=525K 
Applying first law of thermodynamics 


AW, +AU, = AQ, 
and AW, + AU, = AQ> 
As the gas two system is thermally insulated, therefore 


AQ, + AQ, = 0 
—(AW, + AW, ) = AU, + AUX 
= nC, (525-700) + nC, (525-400) 


— 2x =P x175+ 2x 2S «125 


= —525R+625R=-100R 
Therefore, total work done =—100 R 
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H. Assetion & Reason Type Questions 


— (1, 
1. () Statement 1 : The total kinetic energy ofn moles of gas TV =i V,! lies T, =T, G j 


is K= =aRT 
But PV=nRT — ea, ey ae pe 7, 
K=15PV Here y = 1.4 (for diatomic gas). V2 3y 71 tie? aT, 
Statement one 1s true. 14-1 0.4 
Statement 2 : The molecules ofa gas collide with each Ray ne FA =at,| J I | a hea 
other and the velocities of the molecules change due "| 32 ‘| 95 4 7 
to collision. . . 5. (3) Weknow that 
But statement 2 is not a correct explanation of i ( 
statement 1. = mS = nS (1) 
Al/£ AAC _ 
I. Integer Value Correct Type Me A= Beek 2) 
A 400°C B From (1) and (2) 
ACaAT AaAdAT 
P 
For heat flow from P to 0 oy XAGAT _ 10'! x n(10°)* x10 x10 a 
dm _ KA 400 - g 10 
I dt Ax 7 ty) 6. (2) Applying first law of oe to path iaf 
For heat flow from P to B QO. a AU. iaf t W. if 
dm, KA300 le dm, _ dm, 500 = AU, -+ 200 . AU ig¢= 300 J 
i (ii) | Given ——=—+ Now 
P dt 10x—Ax dt dt , 
On solving (i) and (ii), we get A=9 Qing = AV ing + Wig + Woy 
2. Heat supplied = Heat used in converting m grams of ice =300+50 + 100 
from—5°C to 0°C + Heat used in converting 1 gram of ice at Qin + Qpp= 4505 (1) 
O°C to water at 0°C Also O,, = AU,, +Wyp 
5 
SS yewe veg -. On, = 100+ 50=150J (2) 
1000 1000 0 300 
84 bf _ 
= 420=mx10.5+336 m=" = 8grams RG so 
Py_AgTi Ag a 
1. @ Bayt A 
B 4BTp B 4 A 
1 : 1 
Ma -| AZ _| Ra Ps -| Soxt00 
he Ap Py Re Py 104 
AA 
m, = 900 nm » =1500 nm a Ap =2 
Rate of total energy aiid byA 8. (9) Here pyr? or P=RT4 
Rate of total energy radiated by B 
P 
4. 
oT (4nr2) (7,\" fay “. logy P= log, A +log,T" -. Nase 
~ oT (4nr2) “he )* I, 
P 
Cnc ee ee AtT=487°C=760K, log) >= 4log, 760=1 (1) 
—2 i / = by Wein 's law 0 
Am J \® Ty my At T=2767°C = 3040K, 
4 2 
= (2500) (=) —9 log. fs 4log, 3040 = 4 log, (760 x 4) 
500 18 Po 
4. For an adiabatic process, the temperature-volume , 
relationship is = Al log, 760 + log, 2 | 


= 4log, 760+8=14+8=9 
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id JEE Main/ AIEEE 


1. (a) 
2. (db) 
3. 
4. (a) 
5. (Cc) 
6. (Cc) 
7 6 @) 
8.  (c) 
9. (c) 
10. (a) 
11. (a) 
12. @ 


All reversible engines working for the same temperature 
of source and sink have same efficiencies. If the 
temperatures are different, the efficiency 1s different. 
Heat required for raising the temperature of the whole 
body by 1°C is called the thermal capacity of the body. 
Pyrometer is used to detect infra-red radiation. 

Black board paint is quite approximately equal to black 
bodies. 

Since pressure and volume are not changing, so 
temperature remains same. 

When water is cooled to form ice, energy is released 
from water in the form of heat. As energy is equivalent 
to mass therefore when water is cooled to ice, its mass 
decreases. 


_ [srr 
“rms” VM 
ie tes 


For Vn, to be equal Mu, = Mo, 


Here MH, —y Mo, = 52 : 
To, =47+273= 320K 


For n= | or 100 %, T, =OK. 

The temperature of 0 K (absolute zero) can not be 
obtained . 

Ifn, moles of adiabatic exponent y, is mixed with n, 
moles of adiabatic exponent y> then the adiabatic 
component of the resulting mixture is given by 


m+n | ny Ny 
Wek, yypel- ye! 
Ee a 
y-l 7, 5_, «eS +5=4 
so. yal 2% 2 
6 3 
2=4y-4 >y=-=— 
Y "42 


The energy radiated per second is given by F = eg T* 4 

For same material e 1s same. o 1s stefan's constant 
Ey TA Ty 4ny _ 
Ey T;'Ay 


(4000)* x1? 1 
(2000)* x47 1 


This 1s a statement of second law of thermodynamics 


7: ; Anry 


PoT? = PT~ =constant ....(i) 


But for an adiabatic process, the pressure temperature 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


(c) 


(b) 


(d) 
(d) 


(c) 


(d) 


(b) 
(a) 


relationship is given by 


Y 


P-’ TY’ =consant = PT I-Y — constt. -{il) 


3 
From (i) and (ii) = "3 3 =-3+3 = 1=5 


Work is a path function. The remaining three parameters 
are state function. 


pie pee. BO 
[; (273+627) 900 3 3 
2 2 
But pe be Be pis ye a cao 
O Q 3 3 3 


~9%10%cal =2x10° x 4.2 J=8.4x10°J 


Wein’s law correctly explains the spectrum 


dQ 
—~—< (AQ 
7 (AO) 
m+n | ny Ny 
vol - ype. speek 
sy A Mel ae 
‘de 2] ts : 2 
3 5 
E=o0AT‘*; Ac R* «Ex R°T* 
Ey R3T 
A RT! 
E> (2R)*(2T)* 
a, f2 ORY CTY _ oy 


E, R274 
Internal energy and entropy are state function, they 
do not depend upon path taken. 
Here O = 0 and W= 0. Therefore from first law of 
thermodynamics AU=Q + W=0 
.. Internal energy of the system with partition = 
Internal energy of the system without partition. 
mCy Ty +n2 Cy Ty =(m+n2)C, T 
~ pa mit mle 
ny + ny 


AM 
But 14, =——-and ny 
RT, 


_ fly 
RT, 
oa x 7, poe. x [> 
RT, | RT TT (BV, + PV) 
7 T ——_—_————_——nX—“—X—X—X—XN—XX*_:: 73.9.” —— 
A, fala BVT, + PVoT, 
RT, RT, 
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The thermal resistance 
x 4x 3x 


KA 2KA_ KA 
_dQ_ AT _(-N)K4A 1 A, -T))K 
~ dt) = 3x 3x 3 x 
KA 
1 
fey 


22. (b,c)First law is applicable to a cyclic process. Concept of 


23. 


24. 


25. 


(d) 


(b) 


(d) 


entropy is introduced by the second law. 


Consider a shell of thickness (dr) and of radius (r) and 
the temperature of inner and outer surfaces of this shell 
be 7, (T-dT) 


py KA -aT)-1] _ -KAdT 


dr dr 
dT 
H= —4 K, 2a ied — 2 
TAL 7 (. A=4nr~) 
KY 1 15 
Then, (H) | —-dr =—4nK | aT 
A q 


Ankn ry (1-1) 

(4 -n) 
Change in internal energy do not depend upon the 
path followed by the process. It only depends on initial 
and final statesi.e., AU, =AU, 


or H = 


] 3 
QO, =1pSo +5 1050 = —TSo 
Oy = Ty(259 — So) 
= TS 
and QO; = 0 


Lis 


28. 


29. 


30. 


31. 


32. 


(b) 


(a) 


(b) 


(d) 


16 | 16 
4" 32 _16/4 , 16/32 
r—l 2] 1.4-1 
3 
y= 1.62 


Total power radiated by Sun = oT? x 4nR? 


4 2 
The intensity of power at earth's surface = a 
Arr 
4 p2 
of'R 
Total power received by Earth = —, (m1 ) 
r 


Heat lost by He = Heat gained by N, 
mC, AT, = nyC,,, Al, 


3 [7 5 3 
38) 2% 1, |=5R[T, -Ty | >Ty =5% 


2° 3 
w = TRAY = -146000 =P *8 3x7 
l-y 1-y 
Sieve oe ae 1.4 
146 146 


Hence the gas is diatomic. 
For path iaf, AU =Q-W =50-20=30cal. 
For path ibf W= O—AU=36-30= 6 cal. 


The efficiency (1) of a Carnot engine and the coefficient 
of performance (f) of a refrigerator are related as 


I-y 


1 
— es Here, =—— 
B Ulerrs 


Also, Coefficient of performance (B) is given by B = va , 


where Q, is the energy absorbed from the reservoir. 


or, 9 - 22 


* Q,=904. 
10 


T %& T 2 ty 


Ky Ky 
KyA -2) _ KoA 4) 
ly ly 
p Kills + Kool _ Kiba + Kbit 
Kyl, + Kyl5 Kl + Kye, 


33. (b) According to Mayer's relationship Cp,—C,=R 


_ Op 


a 
: M M M ere = . 
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a RD < T =AT 
34. (a) The speed of sound in a gas is given by V= va oH = (G2)) dy = 
T> T> 1 3 
Yo YO, M fi.4 4 =|-~ =]-—+ =]-—===0.75. 
pe ee Beg ty ~ (3237 Now, efficiency T AT, .- > 0.75 
VHe Mo, Y He 32 «61.67 
43. (c) Here, work done is zero. 
YO5 460 So, loss in kinetic energy = change in internal 


"He = 9393703237 7S energy of gas 


35. (a) SameasA. 20 


es a __ R 
36. (a) The heat flow rate is given by Cs are y—-1 


kA(0, —9 
dt x 2 My-1. “S1= "5p 
d 
6 aon 22 — ee ny 
kA dt kA dt 44. (a) Number of moles of first gas = Ne 
where 9, is the temperature of hot end and @ is 
temperature at a distance x from hot end. Number of moles of second gas = a 
The above equation can be graphically represented by @ 
option (a) . ny 
37. (b) A to Bisan isobaric process. The work done Number of moles of third gas = Ny 
W = nR(T, — T)) = 2R(500 — 300) = 400R If there is no loss of energy then 
38. (a) Work done by the system in the isothermal process P,V,+P,V,+P,V,=PV 
ie 
DAis W =2.303nRT log, SRT RT a RT 
P, Ny Ny Ny 
5 n+ny +n ni + NyT> + 131, 
pa 2 ie se Ye ee i sa A 
= 2.303 x2 R x 300 log,, Te =_4A14R N, mix Tix n +n +n3 
xX 


45. @ Effici feng 
Therefore work done on the gas is + 414 R. () sd re oa 


39. (a) Thenet work in the cycle ABCDA is 1h ee ae 
6 T, and 1) =l1- 7 =— 


W=W yp t+WeotWopt+Wo, 


5 
P ote ee 
= 400R +2.303RT log —2 + (—400R)- 414 = nee va 


C 46. (a) AU=AQ=mcAT= 100 x 10°3 x 4184 (50-30) ~8.4kJ 
210° _ F/S FL 
= 2.303x2Rx500lo —414R 47, @ Y= 3 A= 
rai: AL/ L SY 
= 693.2 R-414R =279.2R FL 
“ LAAT =— [ AL = La AT] 
mass 1 3 SY 


= =—-m 
40. (a) Volume density 4 . F=SYaAT 


The ring is pressing the wheel from both sides, 


KE= PV = x8x104 xt =5x1047 - Fe = 2F = 2YSOAL 
2 2 4 48. (a) Heat given to system= ("CyAT) 4_,2 + (nC, AT)3_,¢ 
41. (c) (therelation R=R, (1+ Ar) is valid for small values 
of At and Rp is resistance at 0°C and also (R — Ro) = Snr ar)| + S¢nrar)| 
should be much smaller than Rp. So, statement (1) is 2 A>B L2 B>C 
wrong but statement (2) is correct. 
42. 6) Ty =f y-1 = y-l = =. iAP] + E x 2F x | 
; ] - 7(32V) = i = (32) v6) 2 A>B 2 
For diatomic gas, y =~ a=] == zs = PV 
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49. (a) 
530. (©) 
51. (b) 
52. (c) 
53. (a) 
54. (c) 


39: 


o—_—_———— — )SEOlopic-wise Solved Papers - PHYSICS 


and Wo = PoVo 


Work PyVo 
heat given 1B 
oo 


x 100 = 15.4% 


Newton's law of cooling 


do 

a Se k(O405) 35. a 

dt (0-8) 
Integrating 


=> log(®@—8)) =—kt+c 
Which represents an equation of straight line. 
Thus the option (a) is correct. 


0.4= i and j6ei22 
500 7, 

on solving we get T, = 750 K 

Same as in A -51 

According to Newton’s law of cooling, the temperature 

goes on decreasing with time non-linearly. 


56. (d) 


stress 
Young's modulus Y = ——— 
Strain 


stress = Y x strain 
Stress in steel wire = Applied pressure 
Pressure = stress = Y x strain 


_ AL , 
Strain = yc aAT (As length is constant) 


37. (d) 


=2x10!! x 1.1 « 10° x 100 

=2.2x 108 Pa 

Pressure at interface A must be same from both the 
sides to be in equilibrium. 


58. (a) 


=> 


(c) 


(Rcosa+Rsina)d,g =(Rcosa—Rsina)d\g 


d| cosa+sina 1+tana 


539. (a) 


d, cosa-sina 1-tana 
Rate of heat flow is given by, 
2 Rie) 

l 


Where, K = coefficient of thermal conductivity 
/ = length of rod and A = Area of cross-section of rod 


Q 


100°C 


Copper 


O°C 
If the junction temperature is T, then 


Qcopper — Qbrass 1 Qsteel 
0.92x 4100-7) _ 0.26x4x(T-0) | 


46 13 
0.12x4x(T-0) 
12 
=> 200-—2T=2T+T 
=> T=40°C 
0.92x4~x 60 
Ocopper = —— > _ = 4.8 cals 


46 


In cyclic process, change in total internal energy 1s 
Zero. 


AU 0 


cyclic = 
SR 
AUge= "CAT =1x—-AT 


Where, C, = molar specific heat at constant volume. 
For BC, AT =—200 K 

AUgc =—500R 
The entropy change of the body in the two cases is 
same as entropy is a state function. 


As, P=3{ 5] 
3\V 
But — = KT* 
eer. 
So, P=—KT 
3 
RT 1 
or ree [As PV =uRT] 
4 


RR OT = constant 


l 
Therefore, Toc — 
erefore, ay 


| 


t= —______—— 
N ) /3RT 
mE 
V M 
To —— 
fT 
As, TV! =K 
So, toc VYt!2 


ytl 
Therefore, g = > 
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60. (c) The equation for the line is 


PV, +P V =3P5Vo 
But pv= nRT 


nRT (ii) 
“p= (1 
P Vv 


fee a RE 
From (1) & (11) .e Vo tPoV =3PyVo 
”. ORT V_ +P, V7 =3P,V, 
(Ill) 
For temperature to be maximum ae 0 
Differentiating e.q. (111) by 'v' we get 


dT 
nRV, aw + Po(2v)=3P Vo 


dT 
“. nRV, 


0G = 3PoVo-2PoV 
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dT 3P) Vo = 2P5V 
dv nRVo =< 


[From (1)] 


9P,V 7 
Tax = rea [From (iii)] 


61. (c) Time lost/gained per day = > oc AO x 86400 second 


= (40-0) x86400 (i 
4= = 2(0 ~ 20) x 86400 (ii) 


40-0 
On dividing we get, 3 = 


Gi) 0-20 


30 —60=40-0 
40= 100 >0=25°C 
62. @) For a polytropic process 


R 
e C=C. <a 


R R 
 l- =n 
C=Ce 


aGeGy aR oe Sy ep ey, 
C2; C=C. 
C-C 


SCC 
Ci a a 


Simple Harmonic Motion 
(Oscillations) 


Section-A : JEE Advanced/ IIT-JEE 
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A. Fill in the Blanks 
x=0.04 m, K.E.=0.5 Jand PE. =0.4J 
TE. =(0.5+0.4)J=0.9J 


2312 


l 
Now, T.E. = a0 a 2a? 


It 
=—mxA4n’v 
2 


2 


l 25° 25 
=> 0.9= >x0.2x4n® xx xa => a=0.06m 


TU TU 
C. MCQs with ONE Correct Answer 


() Both the bodies oscillate in simple harmonic motion, 
for which the maximum velocities will be 
Given that v, =v, >a,@, =a,0, 


Qn Qn 3. a) 
Op Rg OD ae 
q I, 
a 
a4 iD) 5) m ky 
xc |j— 
ky 


() Letus plot the graph of the mathematical equation 


dU _2 
UG)=K|I-e" |, | a se 


x=0 a a 
From the graph it is clear that the potential energy is 
minimum at x= 0. Therefore, x = 0 is the state of stable 
equilibrium. Now if we displace the particle from x = 0 
then for displacements the particle tends to regain the 


2kx 
position x = 0 with a force = ——- Therefore for small 
x 


values of x we have F « x. 
As shown in the figure, gsina 1s the pseudo acceleration 
applied by the observer in the accelerated frame 


a, = gsinacosa 


Simple Harmonic Motion (Oscillations) — 


Ge g—gsin’a = g(1 —sin’ a) = gcos’a 


ba 2 2 
a= (ay +ay 
= Vg" sin? cos” a+27 cos? a 


sin*a+cos*a = gcos a 


= g cosa, 
ih. 
T=2n 
g cosa 
NOTE : Whenever point of suspension is accelerating 
L 
use [=2n 
Seff 
4. (a) Thevelocity ofa body executing S.H.M. is maximum at 
its centre and decreases as the body proceeds to the 
extremes. Therefore if the time taken for the body to go 
from O to A/2 is T, and to go from 4/2 to A is T, then 
obviously 
T,<T, 
5. (a) NOTE: InS.H.M., at extreme position, P.£. is maximum 
when 
t=0,x=A. 
1.e., at time ¢= 0, the particle executing S.H.M. is at its 
extreme position. 
Therefore P.E. 1s max. The graph I and III represent the 
above characteristics. 
6 () y=kr 
dq” 
sd =2kt or a 
dt dt? 
or 4a,= 2m/s7 (-. k= 1 m/s* given) 
iy 
We know that T= 27 ff 
4 
Z 
Rig _ W_12_6 
T? 21 Ts 10 5 
[-- g, =10 m/s’ and g, =g+2=12m/s?] 
7. (@_ From the graph itis clear that the amplitude is 1 cm and 


the time period is 8 second. Therefore the equation for 
the S.H.M. is 


i) (22) es 
x = asin| —|x+t =lsin| —|t =sin—-t 
T 8 4 


The velocity (v) of the particle at any instant of time ‘? 


1s 
dx d|. (*) T (#) 
v= — =—| sin| —|t |=—cos| —]t¢ 
dt at 4 4 4 
The acceleration of the particle is 
d?x (*) () 
——=-|—] sin} —|t 
dt? 4 4 
4 
At a we get 


d*x (2) n 4 -n* o 2 
—— =-|—| sin-—x—=——sin— 
dt? 4 4 16 3 


8.  (c) 
a @ 
10. (6) 


P-S-119 
Figure shows the rod at an angle Ad 
8 with respect to its equilibrium 2 
position. Both the springs are 
00 YYQVOVOON 
stretched by length of , a9 
The restoring torque due to the 
springs ANTI 
t = — 2 (Restoring force) x aid 
perpendicular distance r0 
‘ clas 
(0\ £ 4 pe, 
= —2k| — |x—=-k—90 
% ( 5 5 5 ... (1) 
If J is the moment of inertia of the rod about / then 
2 
t=Ia=122 ... (il) 
dt 
From (1) & (11) we get 
d*0_ 8) ek -k 0? 
[— > =-k—— => —— =--—9 = —__—__— 0 
dt 2 ad? 12 mee i2 2 
d°0 __ 6k 
di? M 


Comparing it with the standard equation of rotational 
SHM we get 


2 
B76, oO Ok b 2 6k 


dt? M M 


=> Invv= 6k > (eu 6k 
VM 2x \M 


Case (1) 


Case (11) 

In case (11), the springs are shown in the maximum 
compressed position. If the spring of spring constant 
k is compressed by x, and that of spring constant £,, 
is compressed by x, then 


Xy + X5 -—A ... (i) 
ky x 4 
and kx = kX => X_ = a ie (il) 
2 
From (1) & (1) 
A 
ee Ulley > X= a? 
k, k» sm ky 


Two sinusoidal displacements have amplitude A each, 
with a phase difference of 2. It 1s given that 


sinusoidal displacement x,(t) brings the mass to a 
complete rest. This is possible when the amplitude of 


third is Aand 1s having a phase difference of a with 


respect to x, (t) as shown in the figure. 
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it. yy (Se se 
8 


2V sin 45° _ 


US 50 ms! 


D. MCQs with ONE or MORE THAN ONE Correct 


1. (€) NOTE: During one complete oscillation, the kinetic 
energy will become maximum twice. 
Therefore the frequency of kinetic energy will be 27. 
2. (b,c) The total energy of the oscillator 


1 
= 5 kA" =Max, KE. 6. 


1 
=5% 2x10° x (0.01)? =100J 


As total mechanical energy = 160 J 

The PE. at equilibrium position is not zero. 

P.E. at mean position = (160-100) J=60J 
*. Max PE.=(100+ 60 )J=160J. 


Extreme Mean 
position position 
SE 8 
K.E. =0 K.E. = 100J 
P. E. = 160J P. E. = 60J 7. 
3. (b) Ifx1s the displacement then, 
Mo’x= [pAg +k]x 
_[pdg+k 1/2 - 1 {edge 
ae Me Onl M 
4. dd) NOTE: Whena force is applied on cubical block A in 


the horizontal direction then the lower block B will get 
distorted as shown by dotted lines and A will attain a 
new position (without distortion as A 1s a rigid body) 
as shown by dotted lines. 


For cubical block B 8. 


FIA FOL Hin Ms dE 


xX 
“ALIL A ALP 
=> F=nLaAL 
nL is a constant 


=> Force F < Aland directed towards the mean position, 
oscillation will be simple harmonic in nature. 


Here, Mo’ = nL 
T= 20 ee 
nL 


L 2 L 
= @= > a= fe => 
M T M 


o—_———— —  ———— )SEOlopic-wise Solved Papers - PHYSICS 
; a 


(b) Let us consider the wire also as a spring. Then the case 
becomes that of two spring attached in series. The 
equivalent spring constant is 

1 1 1 
— = — + — 
key, hie 
where k' is the spring constant of the wire 


We know that time iim of the system 


T= 2 =2n,/m 
Vics : F ad 
F a \ kYA 


(a) U(x)=k\|xP 
ey. ML-?T~* 
De] 


Now time period may depend on T « (mass)* 
(amplitude) (k¥ 
[MOL°T|= [My [LP [ML T° 

= [Mertz Ly 2 T~ 7] 
Equating the powers, we get 
—2z=lor z=-1/2 
y-z=0 or y=z=- 1/2 
Hence 7 (amplitude) ~!/” « a 


— Me'T~ 


[x] = 


—1/2 


(a,c) From superposition principle 


YrVitTV.ty3 
=asin ot+ asin (@t+ 45°) +a sin (@t+ 90°) 
= a[sin w@t+ sin (@t+ 90°] + a sin (wt + 45°) 
= 2a sin (wt + 45°) cos 45° + a sin (@t + 45°) 
=(/2+1)asin (@t+ 45°) 
= A sin (@t+ 45°) 
Therefore resultant motion is simple harmonic of 
amplitude 4=(J/2+1)a 
and which differ in phase by 45° relative to the first. 


Energy in SHM « (amplitude) E= smd? | 


E 


resultant 


mes =(2 41)? =G4242) 


Fsingle 


EB 


resultant — 


= (34. 2/2) 2) Esingle 


(a,b,c) The given equation is 


x=A sin? wt + B cos” wt + C sin wt cos wt 
(ee NOTE THIS STEP 


Rearranging the equation in a meaningful form (for 
interpretation of SHM) 


Aioe B 
es (2sin* wt)+ a (2cos* wt) + =(2 sin Wt COs wr) 


A B 
= a — cos 2@t] + au + cos 2@t]|+ [sin 2ot] 
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(a) For dA =0andB=0,x= <sin (2of) 


The above equation is that of SHM with amplitude > 


and angular frequency 2m. Thus option (a) is correct. 
(b) Ifd=Band C=2B thenx=B+B sin 2t 
This is equation of SHM. The mean position of the 
particle executing SHM 1s not at the origin. 
Option (b) is correct. 
(c) A=-—B, C=2B; Therefore 
x=Bcos 2ot+ B sin 2at 
Let B= X cos o= X sin $ then 
x=X sin 2@t cos 6+ X cos 2¢ sin 
This represents equation of SHM. 
(d) A=B,C=0andx= A. This equation does not represents 
SHM. 
(a,d) 
Applying t=Ja 


ee 
For case A: me( <sin0) + Me(lsin0)=1,0, 


L. 
For case B: me( <sino + Mg(¢sin 0) = /paz 


The restoring torque in both the cases is same. 


10. (bd) 


Alsol,>Ip 2.44 <Qp 
-. O4, <Wp 
(a) and (d) are correct options. 
Maximum linear momentum in case | is (Pj) wax = Vmax 
b=m[aw,] (1) 
Maximum linear momentum in case 2 is (D>) .4. = Vmax 
R=m[Ra,] 
-. 1=mo, ._{il) 
eee ae b _ ay 
Dividing (1) & (11) ee 
m 5 1 | 
O a pw .. Bis acorrect option. 
Also £y=7m wea? 
I 2 p2 


Fy_ fo | 
> oO D is the correct option 


Simple Harmonic Motion (Oscillations) ———————_____ p-S-121 
11. (a,b, d) 


Case (i) : Applying conservation of linear momentum. 


=(M+m)V)— -(1) « v.=-( Jy, 
From (1) 


M (A, x @,) = (M+m) (A,x0) 


| K | K 
Ss 
MA, * (Mt+m) A, x rv 


Also E) = MV,’ 


1 1 
and E)=5 (Mtm)V,* = 5 (Mtm) 


MV, 1 M 2 
tem“ aUieem) 


x SS 
(M+ m)° 2\M+m 
Clearly E, <E, 
+M 
The new time Period T, =2 = 7 
re . _, /m+M 

Case (ii) : The new time Period T, =2 " 
Also A,=A, 
Here E, = E, 


The instantaneous value of speed at X, of the 
combined masses decreases in both the cases. 


E. Subjective Problems 


Key Concept: 


The time period T ofthe springis T= 27 i 


In the second case 


3= 2n M+2 : 
k ... (il) 

From (1) and (11) 

2 MM fe M=16k 

a VE Oo a ee 
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iy Note 


When mass m, is removed then the equilibrium will get 
disturbed. There will be a restoring force in the upward 
direction. The body will undergo S.H.M. now. 
Let x, be the extension of the spring when (m + My ) are 
suspended and x, be the extension of spring when m, is 
removed. 
(m + IM) ) 2 

k 


M§ 
k 


kx, = (m+m))g or x, = 


and, kx» = mg or xX, = 
Amplitude of oscillation = x; — x5 


(m + mz) g— mpg _ Ms 

k k 
Let at any instant the mass m, be having a displacement x 
from the mean position. Restoring force will be 


or A = 


F=-kx or m,a=—k x > a=-—x 
my 


Comparing this with a =— wx, 
k 


; k 
o=—_- D = ,/— 
my m) 


we get 


The mass will strike the right spring, compress it. The K.E. 
of the mass will convert into P.E. of the spring. Again the 
spring will return to its natural size thereby converting its 
PE. to K.E. of the block. The time taken for this process will 


be stereo | 
e 5 where T=2n,/--. 


k +-— 60 cm—| k 


y 


A C m D B 
bys t= tan oe aon 9.2 _ 0.785 sec 
2) k> V3.2 


The block will move from A to B without any acceleration. 
The time taken will be 


Now the block will compress the left spring and then the 
spring again attains its natural length. The time taken will be 


t, = a = rj = 1.05 sec. 
k, 1.8 


Again the block moves from B to A, completing one 
oscillation. The time taken for doing so 


The complete time of oscillation will be 
Ss ee a a 

= 0.785 + 0.54 1.05 +0.5 

= 2.83 (app.) 


Topic-wise Solved Papers - PHYSICS 


At equilibrium, taking torque of liquids about O 
fea due to - ao due to 
liquidof densityp/ liquid of density1.5p 

mg x OM=m,g x PN 
mg R sin (45° + 6 )= mg sin (45°-6 ) 
VpgR sin (45° + 6 )=1.5VpgR sin (45°68 )... (0) 


s sin(45 +0) _ 
sin (45 — 8) 
= sin 45° cos8+ cos 45° sin 8 _3 
sin45°cos@—cos45°sin@ 2 
= moss 
5 


NOTE THIS STEP: Let us now displace the liquids in 
anticlockwise direction along the circumference of tube 
through an angle a. 
The net torque 

t= m.gR sin (45° + 8 +a)—m,gRsin (45° — 6 —a) 

= VpgR sin (45° + 6+ a)—1.5VpgR (45° — 8 -a) 

= VpgR sin ( 0+ 45°) cosa + VpgR cos (45° + 6) 

sina—1.5 VpgR sin (45°— 8) cos a 

+ 1.5 VpgR cos(45° — 8) sin a 

Using eq. (1) we get 

t =VpgR | cos(45° + 6) sina +1.5cos(45°—6)sina. | 

t= VpgR [cos (45° + 6 )+ 1.5 cos (45°— 6 )] sina 
when « is small (given) 

sina = a 

t= VpgR [cos (45° + 8 )+ 1.5 cos (45° — 6 )Ja 
Since, t and @ are proportional and directed towards mean 
position. 

The motion is simple harmonic. 


Moment of inertia about O is 
I= VpR2+ 1.5 VpR? 


I 
T= 2n,|— 
(Vpx2.5R7) 


° [cos(45 + 0)+1.5cos(45 — 8) |V pgR 


V1.803R 


= a a (using the value tan§ = =) 
& 


(i) As both the balls are displaced by an angle 9 = 7/6 
radian with respect to the diameter PQ of the circle and 
released from rest. It results into compression of spring 
in upper segment and an equal elongation of spring in 
lower segment. Let it be x. PB and QA denote x in the 
figure. 
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Simple Harmonic Motion (Oscillations) ——————————————_________y 


Ombre 1en- RO= elongation = x 


Or 


Or 


Or 


(ui) 


(itl) 


Force exerted by each spring on each ball = 2 kx 
Total force on each ball due to two springs = 4 kx 


Restoring torque about origin Q = —(4kx)R 


t =—4k (RO) R, where 6 = Angular displacement 


t= —4kR70 


Since torque (T) 1s proportional to 0, each ball executes 


angular SHM about the centre O. 
Again, + = 4kR70 
Ia = —4kR70 where o = angular acceleration 


m 2 ao = —4kR“89 or a-—-| — 1/9 
(mR?) = —AkR? (=) 
m 


1 ja 
Frequency f -1/2 


F f each ball -—|— 
requency of each ball => J 


1 /4x0.1 1 


"on 01 


Let velocity at the mean position be v,_.,... 


Loss in elastic potential energy = Gain in kinetic energy 


1 n\? 1 
2 1x(2R2| = 2] 5 mv 
st oe neal: 
m 3 
Il 9 
me 


= | x0. 1(0.02n) | 
=3.95x104J 


Total energy = 2| 


6. Let 0 be the angle made by the rod at any instant r¢. 


The volume of the rod = LS' 
Weight of the rod = LS dg 
Upthrust acting on rod = LS d,g 
Since, d, > d, (given). Therefore 
net force acting at the centre of 
mass of the rod at tilted position is 


Taking moment of force about P 


where PN = perpendicular 
distance of line of action of force 
from P 


(LS d,g — LSd,g) 


t = (LSd,g—LSd,g) x PN 


— sec”! 
Tl 


(ii) 


= 


p-S-123 


be 
t= LSg (dy—d,) * on 


when @ is small, sin@ ~ 0 


— d, )®. Since, t <6 


Motion is simple harmonic. 
On comparing it with t= C0 


2 


LS 
We get C= ay —d;) 


Ls : 
=> [n= ay —d,) I) 


The moment of inertia / of the rod about P 


Z 
-) ve +u(4) 
12 2 


] 


1 
I= ML’ = 3 Sal ...(ii) 


From (1) and (11) 


3 
w? «= Sd = ES (a, ~d,) 


3Sg (dz — 41) _ [3aa ~ 4) 8 

9, TON ae 
Ifa small mass is attached to one end ofa vertically hanging 
spring then it performs SHM. 


Angular frequency = w, Amplitude =a 


Under SHM, velocity y = w/a? — y” 


After detaching from spring, net downward acceleration of 
the block = g. 


Height attained by the block = h 
v2 re ( ei y?| 

h= y+— or h= y+——— 
2g 22g 


For h to be maximum, © = O,.y=y*. 


iy 
2 Ds 
ape eye or 9=1 22 2" 
dy 2g 22 
21% 
o 2 =lor y*== 


w 


Since aw’ > g (given } 


. a> — ..a>y*.y* from mean position <a. 
0) 


§ 
*— 
Hence y*=—. 


w 


F. Match the Following 
Ap 


: ; : 2 2 
Reason : For a simple harmonic motion v= @V@" — xX" .On 


comparing it with v = cc —x* we find the two 
comparable. 

B-q,r 

Reason : v=—kx 


when x is positive; v is — ve, and as x decreases, v decreases. 

Therefore kinetic energy will decreases. When x = 0, v=0. 

Therefore the object does not change its direction. 

When x is negative, v 1s positive. But as x decreases in 

magnitude, v also decreases. Therefore kinetic energy 

decreases. When x =0, v= 0. Therefore the object does not 

change its direction. 

Cop 

Reason : When a = 0, let the spring have an extension x. 

Then k x = mg. 

When the elevator starts going upwards with a constant 

acceleration, as seen by the observer in the elevator, the 

object is at rest. 
mat+mg=kx' 

=> ma=k(x'-x) 

D- qr 


(Since a 1s constant) 


The speed is /2 times the escape speed. Therefore the 
object will leave the earth. It will therefore not change the 
direction and its kinetic energy will keep on decreasing. 
Ap 

When simple pendulum is displaced from the mean position 
towards any of the extreme position, its potential energy 
increases. In case ofa S.H.M. we get a parabola for potential 
energy versus displacement 

B-q,r,S 


S = ut for zero acceleration. Therefore we get a straight line 
passing through the origin. Therefore option (q) is correct. 


I - 
S = ut +5 at’ for constant positive acceleration. In this 


case we get a part of parabola as a graph line between s 
versus ¢ as shown by graph (s). 


(p) is ruled out because if a is —ve and v is positive. 


LL. 


Cs 
u* sin 20 
R= Roo u* (for consant 0 and g) 
§ 
T? 
is 
D> q r=2m | “. T70 £ 

é a 


1. 


Topic-wise Solved Papers - PHYSICS 


G. Comprehension Based Questions 


(c) If the energy is zero, the particle will not perform 
oscillations. Therefore E should be greater than zero. 
Further if E = Vo, the potential energy will become 
constant as depicted in the graph given. In this case 
also the particle will not oscillate. 


Therefore E should be greater than zero but less 
than Vp. 


(b) Wecan get the answer of this question with the help of 
dimensional analysis. 


Given potential energy = ax4 


Di? 
oe Potential energy _MLT™ | (ML2T] 


x" 4 


L 
. a ee 
WANG LV uMrer 


Therefore option (b) 1s correct. 


_ AV) 
@) F=— 


As V (x)= constant for x > Xp 
. F=0 for x > Xp 
Since F = 0,a=0 

(d) When the ball is thrown upwards, at 


the point of throw (QO) the linear 

momentum 1s in upwards direction (and 

has a maximum value ) and the position Pasiiion 
is zero. As the time passes, the ball 0 A 
moves upwards and its momentum 

goes on decreasing and the position 

becomes positive. The momentum 

becomes zero at the topmost point (A). 


Momentum 


As the time increases, the ball starts moving down 
with an increasing linear momentum in the downward 
direction (negative) and reaches back to its original 
position. 


These characteristics are represented by graph (d). 
(c) We know that the 
total mechanical energy oc (Amplitude) 


& E, oc a2 


(b) As the massis osicillating in water its amplitude will go 
on decreasing and the amplitude will decrease with 
time. Options (c) and (d) cannot be true. 


When the position of the mass 1s at one extreme end in 
the positive side (the topmost point), the momentum is 
zero. As the mass moves towards the mean position 
the momentum increases in the negative direction. 
These characteristics are depicted in option (b). 


GP_3481 


Simple Harmonic Motion (Oscillations) 
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: Section-B #ljmyCihvaiss- 
9. (a) p= an | tp =I 


1. (ce) 
2. (db) 
3. ©) 
4. (©) 
Ss. (C) 
6. ) 
7 ©) 
8. (a) 


ae. 


I 
KE=—k(A°-x’):  U= ke 
2 2 


At the mean position x=0 
l 
;. KE = 5 kA’ = Maximum and U=0 
Let the spring constant of the original spring be &. 


Then its time period T = 2n|™ where m 1s the mass of 


oscillating body. 

When the spring is cut into n equal parts, the spring 
constant of one part becomes nk. Therefore the new 
time period, 


— oq |™ =F 
nk Jn 
KEY CONCEPT: The time period 7 = 27 i: where 
§ 


£ = distance between the point of suspension and the 
centre of mass of the child. This distance decreases 
when the child stands 


 T <T ie., the period decreases. 


T =2n,|— 
k 


m 16 
eft Ser 


k 
Maximum velocity during SHM = 4m = 4 fe 


[sa 


Here the maximum velocity is same and m is also same 


ee Se ee Le 
1210 


raamf& and T'=2n/'2H 
§ § 


(- £'=0421% of £) 


Ji 21 =e 
Je 


Inwtf COs 
+ 


V2 V2 


a x 100 =———=— x100= 10% 


% increase = 


x= A4(cosnt+sin tt) = V2 x ‘(2 
x = 4/2 sin(n t +.45°) 
K.E. = =m? (a” _x7) 


When x =0, K.Eis maximum and 1s equal to : moa. 


10. 


11. 


12. 


13. 


14. 


15. 


(b) 


(a) 


(b) 


(b) 


(c) 


Buoyant 
force 1000 Vg 
> 1000 Vg 
Weight 
Mg.¢=mg—-B=my-—V x 100 xg 
100 1000 
-+ Bef = — §=8-| g-2 
ve =x1000 4 
4 
Be ee — 20 a = 
ei4 t=2t, 
, m 
For first spring, ¢, = 27 fF. 
| 
m 
For second spring, t, = 27 rm 
2 
, kik. 
when springs are in series then, ke = 
k, +k» 


Von * any 

=>T? = i + t5 

where x 1s the displacement from the mean position 
At any instant the total energy is 


1 . 

— kA? = constant, where A= amplitude 
hence total energy is independent of x. 
Equation of displacement is given by 
x= Asin(wt + ) 
Fo 
where A = —3 oe 
mM(®@ y —®°) 
The maximum of amplitude and energy is obtained when 
the frequency is equal to the natural frequency 
(resonance condition) 


-. O14 = O29 


ual = 0.1x1007 cos( 10081 +) 


yy =—* =-0.1lnsin tt = or, 


-. Phase diff. =) -¢) =—-== 


a eas 2mt 
ae: 


P-S-126 

16. (b) 
17. (a) 
18. (a) 
19. (a) 
20. (a) 
21. (b) 


Centre of mass of combination of liquid and hollow 


portion (at position £ ), first goes down (to 0+ A?) and 
when total water is drained out, centre of mass regain 
its original position (to £ ), 


i 
r=2n/* 
i 


‘. ‘T° first increases and then decreases to original value. 


=o 


> W= 


_2x3.14x7x10~ 
Vea 4.4 
K.E. of a body undergoing SHM 1s given by, 


21a 


== ~(Q.01s 


1 1 
K.E. = mao” cos” ot, TLE. == mao” 


Given K.E. = 0.75 T.E. 


TT 
> 0.75= cos” ot=> ot = j 


x2 l 
= = —>t K) 
6x@ 6x2 6 
The two springs are in parallel. 


f= — pies i 
TU m 

fies l AK + 4K 
1 RED +4Ky) | | 7 


Soa eqn. ‘- 
me CONCEPT : The instantaneous kinetic energy of 
a particle executing S.H.M. is given by 


K, +K, | 


2 2 


l . 
K= 5a w? sin2ct 


] 
. average K.E.=<K>=<> moy a* sin? wt> 


l . 
= moa’ <sin2 wt > 


) 3) ( in® | 
= —moa* | a “7 <smn“@>=— 
5 mora’ \ 5 


22 


= Ro a= qa (2nv) (.° @=2nVv) 


or, <K>= nm ma*v" 


Topic-wise Solved Papers - PHYSICS 


22. (b) Here,x=2x 10 cosxrt 


23. 


24. 


25. 


26. 


(a) 


(a) 


(d) 
(c) 


(d) 


7 p= = 62 nsin nt 
dt 


For the first time, the speed to be maximum, 


; ae 
sin 7 ¢=1 or, se aes 


T 
=> are or, = = =0.5 sec. 


2 
Here, 
X =X, COs (Wt— 1/4 ) 


ne Velocity, y= ax = — Xp sin (or an | 
at 4 


Acceleration, 


a ae =H «w* cos( or) 
dt 0 4 


2 Tl 
= X90 cos + {or -*) 


9) 31 
= XQ cos{ 178) 


Acceleration, a= A cos (@t+ 4) 
Comparing the two equations, we get 


A=x,w and j= 


1) 
2) 


For an SHM, the acceleration a = —w*x where 0” is 


a. ; 
a constant. Therefore x 8a constant. The time period 


; ar. 
T is also constant. Therefore — is a constant. 
x 


For X, + A to be the maximum seperation y one body is 
at the mean position, the other should be at the extreme. 


The net force becomes zero at the mean point. 
oo linear momentum must be conserved. 


=(M+ mj, 


af. (M +m) dy] A < (y= aE} 


A m+M 


ANM =4,VM +m ave A. M 


The equation of motion for the pendulum, suffering 
retardation 

Joa =—mg(Lsin 0) — mbv (0) where J= m2 

and a. = d?0/dt* 


2 
EE Bias 
dt 
= sin(@t+9) 
On solving we get 0 = Qp e 
—bt 


, 0 
According to questions —2 = Oye 2 
e 


2 
. t=— 
b 
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es A-3a 24? +2a? —4Aa- A? 
28. () ~«A=Age (where, Ay = maximum amplitude) oe A Ae 
According to the questions, after 5 second, => A*-3a4=A*+2a2-4Aa 
_b(S) . => 2a=aA > A=2a 
0.9Ay =Age 2m ..() a. 4 
After 10 more second, any ae 
_b(5) - Now, A -—a=Acos@t 
A= Age 2m .. (il) A-a 1 
. > cosot=— > cos@t=— 
From eq"s (1) and (11) A 2 
A=0.729 Ay -. a=0.729 2n = 
Meg oO, = 3 — T=6r 
29. (c) 47 = ln Py" = Py" 
l 
Mg =P,A ...(1) Py Ax! = PA(Xy — x)" 31. (c) Asweknow, time period, T = ane 
B xj When additional mass M is added then 
(x) — x)" Ty = 2 C+AL 
Let piston is displaced by distance x 
Pyx} _ff+AE (TR, Y  e+ae 
-| 2 A= Frestoring Im = 0 or ca = 
(Xo a x)" T T £ 
Piston 2 
or (Tat) 1 ME | ae = MBE] 
hE Ay Ay 
fe. (7a) aes 
Cylinder y qT Mg 
containing 1 
ideal gas 32. @ KE= ce = d*) 
= Frestoring [x9 —X * XQ] and P.E. = ski e 


At mean position d= 0. At extremes positions d= A 
33. (b) Weknow that V= 9 ,2_ 2 
.. Frequency with which piston executes SHM. ) 


1 fee 1 1 fia Initially V=o/A*—- 
> \xoM ~ 2x) MV% 

30. @)_ Insimple harmonic motion, starting from rest, Finally  3v= ° A (aay 

Att=0,x=A 


beers ey a ee ) Where A'= final amplitude (Given at x = = , velocity 
When t=27,x=A-3a to trebled) 

From equation (1) 2A 
A-@=ACOSOT eae (11) way 
A-3a=Acoszmmt 4 ee (111) On dividing we get = : 

As cos2@1 = 2 cos* wr — 1...(iv) a? -(28) 

From equation (ii), (iii) and (iv) 3 


2 2 
_ = 4A 2 
A-—3a {4 *) a 5] |. 2 4A hie 7A 


Waves 


Section-A : JEE Advanced/ IIT-JEE 


A 1. A(2nv),A(QnvyY 2. 0.125m 3. 1:1 4. 240Hz 5. 0.5ms! 
6 f 7. 6Hz 
B 1. F ; a b 3. F 
C lL 2. (Cc) 3. (a) 4. (c) 5. (a) 6. (a) 
7. (a) 8.  (d) 9. (d) 10. (b) 11. &) 12. (c) 
13. (b) 14. (a) 15. (b) 16. (b) 17. (b) 18. (c) 
19. (d) 20. (a) 21. (a) 22. (a) 23. (a) 24. (b) 
25. (a) 26. (b) 
D 1. (ab,c,d) 2. (b) 3. (a,c) 4. (a) 5. (a,c) 6. (c) 
7. (a,b,d) 8. (b,c) 9. (b,c) 10. (b) 11. (a,b,c) 12. (b) 
13. (b,c) 14. (a,c) 15. (b,c, d) 16. (a,b,c,d) 17. (a,b,c) 18. (a,c,d) 
19. (a,d) 20. (b,d) 21. (b,c) 22. (a,b) 23. (d) 24. (a,c,d) 25. (a,b,c) 
E 1.  1650Hz 2. 70m/s 3. 3.33cm; 163 Hz 4. 8 5. 27.04N 
’ TX TX 
6. 0.75m/s 7. 11Hz 8. (i) 3.46 cm (ii) 0, 15, 30 (iii) zero (iv) 2sin( 96n1 +=) and -2sin{ 96n0 -™) 
; (2n+1)x a2 (Qn+1)n 
9. 1.5m/s 10. (i)z, andz,; aK where n= 0, 1, 2, ... (ii) z, and z,; K 
11. (599 Hz hig 0.935 km, 621 Hz 12. 438.7 Hz, 257.3 Hz 
2 
13. (a) = 5— (b)y=-0.84cos(ax — br) (¢) 1.8 Ab, 0 
ae (—1)" 
(d) y =—1.6Asin axsin bt + 0.2A cos(ax + bt) |"*"—5 ,-Xdirection 14. Or Sec. (ji) 5x10” 
15. 403.3 Hzto 484 Hz ig), Ce 
i 
vVe—vVp 
17. (aye 1 ; m (b) —— a (c) equal to mean pressure (d) A +AR, R-AR 18. (a) 0.14s (b) 2.0cm, 15cm 
—dH 5 400 
19. Tg as )VH , 43 sec. 20. (a) 1.007 x 105 Hz, (b) 1.03 x 10°Hz 21. (a) —— ics (b) = 
n’Ta* : 3 
22. 336m/s 23. F 24. 30m/s 25. y=0.1sin eg 
F lt. A>qBop;C-r 2 A—>p,t; B>p,s;C>gq,s;D>q,r 
G 1. @) 2. (c) 3. (d) 4. (b) 5. (a) 6. (a) 
L 1. 5 2s “FT 3. 5 4. 3 
Section-B : JEE Main/ AIEEE 
1. (b) 2. (Cc) 3. (b) 4. (b) 5.  (b) 6. (a) 
7. (a) 8. (c) 9. (b) 10. (d) 11. ©) 12. (c) 
13. (a) 14. (a) 15. (b) 16. (a) 17. (b) 18. (a) 
19. (d) 20. (a) 21. (a) 22. (b) 23. (c) 24. (d) 


25. (a) 26. (b) 
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Bec JEE Gdvanced/ lliT-JEE 


A. Fill in the Blanks 


Since y= A sin (wt—kx) 


Displacement amplitude = A (Max displacement) 


. d 
Particle velocity, v= a = A wcos (@t—kx) 
. Velocity amplitude = Aw =21vA 


Particle acceleration 


d 
Acc = aan (o” sin (wt— kx) 


Acceleration (Max acc) amplitude = Aw’=4n’v7A 


c 330 
= 2 A= = =0.5 

c=vXr A o BeO m 
The rarefaction will be at a distance of 

ws = we =0.125m 

4 4 
y, =10sin 3rt+ 7/4) ... 0) 
> =5 sin 3nt + 5/3 cos 3nf ... (i) 


1. 3 
2 Yeo se sin 3nt Bossa = 10 sin (32t+1/3) 
The ratio of amplitudes is 10: 10=1: 1 


1 [50.7x8 
Mi = 20 m [43.2 43.2 
V5  Y 43.2xg > Vy=V, 507 2 507 fOr 
2m 
As y= 
(+x) 


At t=0andx=0, we get y= 1. 
Also at t= 2 andx= 1, again y=1 
The wave pulse has travelled a distance of 1m in 2 sec. 


I I 
= —=0.5ms 
o> 
In figure (i) | | f 
Aig maere) yl 
Cc OC a - 
and f= nN = ry, ra ee 
In figure (11) -_ ee 
Ar_e : : — 
as 7 PRN SER or i 5 
; iin at ig (i) ig (il) 
NO =a p= 


The first frequency that driver of bus hears 1s the original 
frequency of 200 Hz. The second frequency that driver hears 
is the frequency of sound reflected from the wall. The two 
frequencies of sound heard by driver 1s 

(a) Original frequency (200 Hz.) 

(b) Frequency of sound reflected from the wall (v') 


(The driver behaves 
as an observer) 
Vo =5ms"! v.=5ms"! 
o> <q 
(The image of the bus 
formed by the 


wall behaves as source) 


The frequency of sound reflected from the wall 
V+Vo E- +5 | 
vi=v|— | > v=200 = 206 Hz. 
V—-V;s 342-5 
Frequency of beats = v'—v=6Hz. 


B. True/ False 


The intensity of sound at a given point is the energy per 
second received by a unit area perpendicular to the direction 
of propagation. 


[= akon 


Also intensity varies as distance from the point source as 

F l 

oc wo 

NOTE : None of the parameters are changing in case of a 
clear night or a clear day. 
Therefore the intensity will remain the same. 
Speed of sound waves in water is greater than in air. 
NOTE : If the sound reaches the observer after being 
reflected from a stationary surface and the medium is also 
stationary, the image of the source will become the source 
of reflected sound. 
Thus in both the cases, one sound coming directly from the 
source and the other coming after reflection will have the 
same apparent frequency (Since velocity of source w.r.t. 
observer is same in both the cases). Therefore no beats will 
be heard. 


C. MCQs with ONE Correct Answer 


Case (j) Here <= OY: 
(c) Case (i) Here 7 ary, ... I) 


C i) H Ne r'= 20 ; es ne 
ase (il) Here Fig a = ia iy an 


(c) NOTE: Stationary wave is produced when two waves 
travel in opposite direction. 
Now, y= a cos (k x— wt)—a cos (kx + wt) 
y = 2a sin kx sin wt 1s equation of stationary wave 
which gives a node at x = 0. 

(a) Inair: T=mg=pleg 


_ 1 [plg : 
f= val ... i) 
In water : T= mg — upthrust 


V Vi 
= pg = 7 Pos => (2p-Po) 


P-S-130 
4. (©) 
— 
5 (a) 
6. (a) 
7 @) 
8. d) 
I @ 


(2 
Poe F &- ZeP-Po) [reo [@p-p.) 
Zt m 22 VN m 2p 
1/ 
Trev 2P—Po f'= {72m be ? 
J 2 2p i 
I-] 1/2 ° 
-300 P | Hz 
2p 
Comparing it with 
y (x, =A cos (@t+ 7/2) cos kx 
If k x = 7/2, a node occurs; 
l0nx=n/2 > x=0.05m 
If kx =m, an antinode occurs 
1l0m=n => x=0.1m 12. 
Also speed of wave 
wo SOx 
=e ae — =5m/s anda =2n/k =2n/100=0.2m 
T 
Velocity of sound by a stretched string v = |e 
v= fF = {E- [oe =1.22 13 
yo WEVA =v : 22V : 
For both end open 
2M _ € >A, = 26 
7 + | —________» 
ee ==5 Soe 
SS ee a 14. 
V1 7 5p W be 
For one end closed — ——s 
_ 3A5 4 
For third harmonic [>= >A,=—> 
4 3 
_ © _3¢ : 
V>= a vy, .. (il) 
Given v,—v, = 100 
From (1) and (11) 
2 ore _3 
vi 1/2 2 
On solving, we get v, = 200 Hz. 
a 
y= = =—Amceos(kx-Ot) .. vi =Aw 
Byers 340 10. 
1 "9340-34. 9% - 
340 -20 m 1019 _19 
= ; T ) 
and n 
om ei 2 riled 
16. 
= wid here — = length of st 
AN [w aoe ength of string] 
Lean mass _ px Ax length 7 
length | length 


(b) 


(b) 


(c) 


(b) 


(a) f 


or 


(b) 


(b) 


Topic-wise Solved Papers - PHYSICS 


a) 


KEY CONCEPT: oe ) Here Cx. «ft 
Crms; Zz (mp | 
Cims, | mM ) 


— yp 


After two seconds pulses will overlap each other. 
NOTE : According to superposition principle the string 
will not have any distortion and will be straight. 
Hence there will be no P.E. The total energy will be 
only kinetic. 

E «x A*v* where A = amplitude and v = frequency. 
Also @=21v > @xv 

In case 1 : Amplitude= A and v, =v 

In case 2 : Amplitude= A and v, =2v 


E, A’vs 

4 =—+=4 > £=46, 

Ey A Vi 
Using the formula n'= n (aa 

Vv 
a =72 “Be : YB _» 
VA 
of 
= 
— ph 7 kg 
NOTE: Using the formula of a vibrating string, 
eee 2 
j= Vu where p = number of loops. 


In each case, the wire vibrates, in resonance with the 
same tuning fork. Frequency of wire remains same while 
p and T change. 


BP fii _P2 {2 
A jt =2 in JT = pF. 
Vu  2Vu Piv‘l = P2v2 


Pt 
TY po 


Mxg _5 _>*5*9 or M=25kg. 
9xg 3 3x3 
f= frequency of the police car heard by motorcyclist, 
f, = frequency of the siren heard by motorcyclist. 
330- 
px ae ifs eee aies: 
330-22 330 
fi -f,=9 > v=22 m/s 


(tx=7 or, A=4(¢, +x) 


3h 
as maar or n= (b+) 


Vv Vv V 
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Given v, =v, Here n is a odd number. From (1) and (11) 
n 5 
es J f= —fi , For first resonance, n= 5, f, = —fi 
035m=l,| ‘V% |L+x 4 4 
es | ie 
’ \ 20. (a) Frequency of Ist harmonic of AB = —,|/—— 


1 ’ 20 m 


; 1 lTcp 
Frequency of 2nd harmonic of CD = oe 


Given that the two frequencies are equal. 


1 Tap _! [Len TAB 
is (BAB: aac [Aco + Bar 
20V m LVN m 4 on 


V 3V > 7|,,=47 (i) 
———— = ——_. = AB CD ae 
Or, A(t; +x) 4(l> 4x) or, x=0.025m 


17. (b)_ Frequency of first overtone in closed pipe, 


3v {P (i 
eS ol 
40, \ py 


Frequency of first overtone in open pipe, 


1 [P 
y= ... (il) 
l4 \ Po 


From equation (1) and (11) 


> l= 2 l, PL For rotational equilibrium of massless rod, taking torque 
3 V2 about point O. 
18. (c) | T ip * X=T ep (L-x) ... (il) 
‘elite For translational equilibrium, 
=~= Tg t Tep=me ... (111) 
aa On solving, (1) and (111), we get 
= _ mg _ 4mg 
= ic) re ar 
=e Substituting these values in (11), we get 
aac dmg, _ mg _L 
For first resonance For second resonance ima? Ce har ie 5 
1 3 21. (a) As shown in the figure, the fringes of the tuning fork 
fj +e= vi fy t+e= A are kept in a vertical plane. 
But v=va = 
4 
v=v~(f) +e) > l5 eel (1) —— 
3 Ay —— 


: > 
v=vA(li+e) > fte=7 i) = 
Vv 


Subtracting (i) and (ii), 


V=2v(l.-£)) 2. Av=2v (Aly + Aly) 22. (a) Since the wave is sinusoidal moving in positive x-axis 
=2 x 512 x (0.1+ 0.1) cm/s= 204.8 cm/s the point will move parallel to y-axis therefore options 
19. @ (c) and (d) are ruled out. As the wave moves forward in 
TT. gee, eee positive X-direction, the point should move upwards 
»< “ : >< nt harmonic 1.e. in the positive Y-direction. Therefore correct option 
2 ee a 1S a. 
— = —_—— <—_ |_————"___ 23. (a) The frequency (v) produced by the air column is 
A=¢ given by 
viv ' 
eta (I) a 
voonv _ 
f= a ~) Aisi, “0 sen 075 


4 
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24. 


25. 


26. 


— 4x 0.75 _ 340x3 
30” 4x 0.75 
.. The frequency of vibrating string = 340. Since this 
string produces 4 beats/sec with a tuning fork of 
frequency n therefore n = 340 + 4 or n= 340 — 4. With 
increase in tension, the frequency produced by string 
increases. As the beats/sec decreases therefore n = 
340 + 4 =344 Hz. 
(b) Frequency of 2nd harmonic of string = Fundamental 
frequency produced in the pipe 


LLLLLL 


=e = — 
’ “ Te eae 
ea 
1 . _- 
~ 
’ . Sa: 
~ 

' ‘ 

' e 


0.5m * 2 


= 340 Hz 


=a = 
=a 
_ 
— 
= 
— 


<————_ 0.8 m —>> 


1 |T Vv 
2x|—,J-|=— 
c c Al, 
_ 1 [50 __320 
~ 05Vu 4x08 
“. W=0.02 kgm! 
The mass of the string = p /, 


= 0.02 x 0.5kg = 10g 
V+V, 
@) f’= | 


§ 


Here v = 320 m/s (given) 


5 
V.=V.= Sars =10m/s 
f= 8) ae |B = 8Skt 
320-10 31 


(b) Considering the end correction [e= 0.3 D], we get 
rX 


>L= Ta 


oe 
“4 


7 336 x 100 


6) 
—0.3 4 = eg =— 
B12x4 x 15.2cm 


10) 


D. MCQs with ONE or MORE THAN ONE Correct 


(a,b,c,d) y= 10+ sin (607+ 2x) 
Comparing the given equation with the standard wave 
equation travelling in negative x-direction 
y=asin (@tt+ kx) 
we get amplitude a= 10-*m 


30 
Also,@=60rad/s .. 2nf=60 > f= ae 


2 
idee, > A=nrm 
r 


Also,k=2 => 
30 

We know that v= fA = 7 30 ms 

(b) y=y, sin 2n r-*| 


- = Lv cosa st-*) anf 


o—_—_———— SOP opic-wise Solved Papers - PHYSICS 


d 


Given that the maximum particle velocity is equal to four 
times the wave velocity (c =f i) 


TT 
yp X 2m 4x0) 2. NE — 


(a,c) The wavelengths possible in an air column in a pipe 
which has one closed end is 


N= Qn+1) So, C= vA 


300 = 264 x onal 
v = 264 Hz as it is in resonance with a vibrating turning fork 
of frequency 264 Hz. 

p= 330 x (2n +1) 


264 x 4 
For n=1, ¢=0.3125 m=31.25cm 


For n=2, ¢=0.9375 m= 93.75 cm 


@) fo-. LL aS. 
i —<—<—_____% ¢—_ | ——___» 
- = ¢ (Fundamental mode) = AREAL 
Xd! 
ie ¢ (Fundamental mode) . A'=2L 
C-.€ 
Xn Al — 
d v=—=-— 2 _ 2x 512=1024Hz 
n 2 | ee ee —S i — = . 
: a 2e hae 
(a,c) For wave motion, the differential equation is 
2 2\ a2 
aa = coment ) es 
Ot k“ ] Ox 
2 2 
se 2 22 2 Ai) 
O Ox 


NOTE : The wave motion is characterized by the two 
conditions 


fii) 
ii) 
tee ree han ncn 
ee? or rst Narmonic 
3V ; 
v=o for third harmonic 
25 
V 3V Cy 1 
Vv, = Vo — = —— al eed 
Al, 205 Gs 
hae” 2". = 80 a0 Abo 
(abd) -. v= 75-59 > = 80, 240, 400... 
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8. 


10. 


11. 


12. 


13. 


(b,c) y=A sin (10 xx + 15 t+ 77/3) 
The standard equation ofa wave travelling in —X direction 


M2 
is y=Asin cw +x)+ 3) 
> Asli earn) 
=A sin | ——t+— 
- ee: 


Comparing it with the given equation, we find 


PWN ieee <n 
ny X 


ee ee, 
5 .4mM andv an 5 .) M/S 


1 |T 
(b,c) As, f = ae 


Given that 7, > T, 


fevT 


fi > fa 
Initially beat frequency ( fir hy) = 6. 


The beat frequency remains unchanged which 1s possible 
when f increases and if decreases. Thus 7: , increases and 
T, decreases. 


l t 
(b) y=4cos? (4) sin (1000 ¢) =2 € cos? “ sin 10001 


=2[cos¢+1] sin 10002 
=2 costsin 1000¢+ 2 sin 1000¢ 
= sin 1000¢ + sin 9997+ 2 sin 1000¢ 


CHV 
(a, b, c) Frequency of reflected wave is f"= f ( = ‘| 


2v 
=> Beat freq. =f"-—/f= Sic 


c  c(c-Vv) 
Wavelength of reflected wave = —- = 

f" f(e+v) 
(b) KEY CONCEPT : The time required for constructive 


interference equal to the time period of a wave pulse. 


For a string frequency f = i ie 
20 Nm 


Time period, 7 = 2/ | 


mass 107 =) 
= = ——=2.5x10 
length 0.4 


252 10~ 
1.6 

(b,c) Due to the clamping of 

the square plate at the edges, 

its displacements along the x y 

and yaxes will individually be 

zero at the edges. Only RK GU, £) 

the choices (b) and (c) 

predict these displacements 

correctly. This is because 

sin0=0. : 

Option (a) : (0, 0) 


F=1.6N, m 


T =2x0.4 = (0.1 sec. 


14. 


15. 


16. 


17. 


18. 
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u(x, y)=Oatx=L,y=L 

u(x, y)#0at x=0, y=0 

Option (b) : 

u(x, y)=Oatx=0, y=0[- sind=0] 

u(x, y)=Oatx=L, y=L|--sinn=0] 
Option (c) : 

u(x, y)=Oatx=0, y=0[- sind=0] 

u(x, y)=Oatx=L, y=L|-- sinz =0, sin2x = 0] 
Option (d) : 

u(x, y)=Oat y=0, y=L|-- sin0 =0, sinz = 0] 
u(x, y)#0at x=0, x= L|-- cos0 =1, cos2n = 1] 


(a,c) 
NOTE : For a transverse sinusodial wave travelling on a 
string, the maximum velocity is a. 


But maximum velocity is nee a = 
10 10 
=> 103x2nv=1 
1 _ 10 
V" 2nxl03 = 2n 
v__ 10 
ve 10° /2n 
0.8 7 0.8 1) 
(4x +5t)? +5 5 7 ~ 
16}x+—t] +5 
4 
We know that equation of moving pulse is 
y=f(xt ve) ... (2) 
On comparing (1) and (2), we get 
ee ee ee | 
=—ms =—ms 
4 2 
So, the wave will travel a distance of 2.5 m in 2 sec. 
0.8 , 
(4x+5t)° +5 
At i ? 


¥=0,t=0,y===0.16m 


1m/s 


aw= 1 
= 


= 21x 1077 m 


(b,c,d) y = 


_x O X 
, Maximum displacement is 0.16 m 

The graph for the given equation is drawn. This is symmetric 
about y-axis. 


(a,b,c,d) In the wave motion y = a(kx — wt), y can represent 


electric and magnetic fields in electromagnetic waves and 
displacement and pressure in sound waves. 

(a,b,c) Standing waves are produced by two similar waves 
superposing while travelling in opposite direction. 

This can happen in case (a), (b) and (c). 

(a,c,d) For a plane wave, intensity (energy crossing per unit 
area per unit time) is constant at all points. 

But for a spherical wave, intensity at a distance r from a 


point source of power (P), is given by /= Fee 
Tr 
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20. 


21. 


22. 


23. (d) Here, v see 


1 
=> [eo 
y2 


But the total intensity of the spherical wave over the 
spherical surface centered at the source remains constant 
at all times. 


l 
NOTE: For line source / G 


(a, d) 3 
At second resonance the length ofaircolumn |i Il ¢ 
is more as compared to first resonance. Now, | i / 
longer the length of air column, more is the 
absorption of energy and lesser is the 
intensity of sound heard. 


As shown in the figure, the length of the air column at the 


; 1 
first resonance 1s somewhat shorter than rig of the 


wavelength of the sound in air due to end correction. 


Xr 

{+e A “CS a e€ 

(b, d) 

When sound pulse is reflected through a rigid boundary 
(closed end ofa pipe), no phase change occurs between the 
incident and reflected pulse 1.e., a high pressure pulse 1s 
reflected as a high pressure pulse. 

When a sound pulse is reflected from open end of a pipe, a 
phase change of a radian occurs between the incident and 
the reflected pulse. A high pressure pulse is reflected as a 
low pressure pulse. 


(b, c) 
y=[0.01 sin (62.8x)] cos (628 t). 


> i Ea ae 


A | 
Length of string =5 x — =5x— =0.25m 
2 20 


20 
**— = 62.8 
E A 


The midpoint M is an antinode and has the maximum 
displacement = 0.01 m 


The fundamental frequency = i ae 20Hz 
(ab) Source Observer 
S ; — 
f, f 
Casel- Wind blows from observer to source oft 
f, =f (V—w)+u 
ia (V—w)-u 
Gate's Wind blows fromsource to observer 
p,_f,| Vtw)tu fy>f 
oo, (V+w)-u 
(a) and (b) are correct options 


Bp eee 
4l Mx10- 4 
=> v=336.7 ms to 346.5 m/s 


24. 


25. 
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For monatomic gas y =1.67 


v= EE joo [2 
Mx10- 
= J167RT «|? - “ni 


10 _ 
For Neon M=2 
or Neon 0 and 50 — 


fi 
- v=640x— = -l 
; 10 448 ms 


.”. (a) 1s incorrect 


10 _17 
For Ar M= 
or Argon 36, 36. 30 
17 
- v= 640x—= —l 
“Vv <3 340 ms 


.. (d) 1s the correct option. 
For diatomic gas y= 1.4 


10 10 
v= J140RT | i 590 | 

M M 
ny 
ene ABD. 1G 


9 
590x— = 
f= ‘76 331.87 ms! 


.”. (C) 1s incorrect 


aa 10 3 
r INIUr n = 
Op Ae er ae = 


Va 590x==354 ms! 


. (b) 1s incorrect 
(a, c, d) 
Clearly in the given situation a displacement node is present 
at x = 0 and a displacement antinode is present at x = 3 m. 


Therefore, y=O atx=Oand y=+A atx=3m. 


w 
The velocity v = an 100 ms~!. 


a, c and d are the correct options which satisfy the above 
conditions. 


(a,b, c) 
.P 
V.COS exo)” 
iy 
L18Hz 121Hz 
Y ees — #0 N 
R 
Vp = 121-118 =| **%2280) 
V 
Vp =121-118=3 
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Vp = (121-119)| %228 
V 


. Vp +Vp =2Vo = (A) is correct option 
In general when the car is passing through A 


v+v.cosa 
—3 eased ' 
‘i .. i) 
dv v,sina | |dv] . 
+ —=-3 ——] 1s max when sin a= 1 
da v da 


1e., a=90° (at Q) 
=> (b) is correct option. 


From () “= “2 sina) (i 
dt ov dt = 
10 > da 10 ax 
Also tana = ae 7, Sec aie Pa = a ae 
da  —l0v 7 
dt x” sec” o om) 
From (ii) & (iii) 
dv 3v,.. ( —10v - 30V,. sina 
inex) —— Ss 
dt v x7secta) x*sec7a 
dv —-—-: 30v, sina 


_ Se ee 0 yy. Sino mee 
‘ dt (10cota)’ sec” a a -ALA=90 


Vv 
—= max 

dt 
.. (c) is the correct option 


E. Subjective Problems 


It is given that C acts as a node. This implies that at A and B 
antinodes are formed. Again it is given that the frequencies 
are same. 


p, harmonic 


p>, harmonic 
H, O, 


Antinode Node Antinode 


C B 
—_ 0.5m ——> ——_— 0. 5 m 
Yj i) A _MU_ 3 
— x pp =— xX pp or —=— = — 
Ap Egg te a TH 
or, 1lp, =3p, 
This means that the third harmonic in AC is equal to 11th 
harmonic in CB. 


Now, the fundamental frequency in AC 


2 odes 
40 4x0.5 
and the fundamental frequency in CB 
eS G50 
4€ 4x05 


Frequency in AC= 3 x 550 = 1650 Hz 

and frequency in CB= 11 x 150= 1650 Hz 

(a) Using the formula of the coefficient of linear expansion 
of wire, A’ = (a AO we get 


F = YAaA®@ 


4, 


Speed of transverse wave is given by 


v= JE where m = mass per unit length = TP — Ap 
vm L 
_ |YAoA@ _ /YaAO 
Ap \ p 
1.3x10'! x1.7x10™ x 20 
= 3 = «70 mis 
9x10 


Tube open at both ends : 
= a ao - 320= 3200 
@) ¥- 5¢406D) 2(0.48+.0.6x D) 
0.48+0.6D=0.5 => 0.6D=0.02 
=> D= “— x 100 cm= 3.33 cm 
Tube closed at one end : 
4(2+0.3D) 4(0.48+40.3 x 0.033) 
~ 163 Hz 
Vy =5 m/s Vo = 5 m/s 
o> <0 
S I 
(Observer) (Source) 


Pd 


NOTE : If the sound reaches the observer after being 
reflected from a stationary surface and the medium 1s also 
stationary, the image of the source in the reflecting surface 
will become the source of the reflected sound. 


oe ‘ea 
C=V. 


Vo, V, are + ve if they are directed from source to the observer 

and — ve if they are directed from observer to source. 

v'= 256 aa = 264 Hz 
330-5 


.. Beat frequency = 264 —256 =8 


r/4 


~~ Ore =a = Y 


TOS a el ee —~—— 


First Overtone 


25x10 
0.25 


1 |/T l T 
Frequency, v= aN a = 025V001 ... 4) 


Fundamental frequency 


7 =04 > =1.6m 


Mass of string per unit length = = 0.01 kg/m 


2 
l= eo: 


(ii) 
7 (16 


Ve 
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Given that 8 beats/second are heard. The beat frequency 
decreases with the decreasing tension. This means that beat 
frequency decreases with decreasing v.. So beat frequency 
is given by the expression. 
V=V.— Vy 
1 T 


= ——,/—— — 200 = 
8 025V001 => T=27.04N 


KEY CONCEPT : The velocity of wave on the string is 
given by the formula 


T 
v= 4. 
m 


where 7 is the tension and m 1s the mass per unit length. 

Since the tension in the string will increase as we move up 
the string (as the string has mass), therefore the velocity of 
wave will also increase. (m is the same as the rope 1s uniform) 


4] if [2 x 9.8 1 = 
a — — = — — ree V4 — 2v, 
i) [5 8 x 9.8 2 


Since frequency remains the same 

hy = 2A, =2 x 0.06=0.12m 
KEY CONCEPT : Using the formula of the coefficient of 
linear expansion, 


Al = lax AO 


_ stress T/A T/A 
strain Al/€ aA 
The frequency of the fundamental mode of vibration. 


a ee 
“" 20Vm = 20V im 


1 {2x10!! «107° x1.21x10> x 20 


Also, . T= YA aA@ 


= ax] 01 =11 Hz 
(1) Here amplitude, A =4 sin (2) 
Atx=5m 
A= asin( 7*9) =4 x 0.866 =3.46m 


(1) Nodes are the position where A = 0 
sin( =] =0=sinnx x=15n 


where n=0,1,2 x= 15cm, 30 cm, 60 cm, .... 


(iii) y= 4sin (2) cos (96n1) 


d : (22) 
=—“=4 eis 
Vv 7 sin 15 [—967 sin (96 m12)] 
Atx=7.5 cm, t=0.25 cm 
. (mwx75 
v= Asin( ) [— 96x sin (96 7 x 0.25)] 


10. 


Topic-wise Solved Papers - PHYSICS 
zi ae : 
= 4sin & [-—96 zsin(247)] =0 
(iv) y= 4sin (22) cos[96 x2] 
=2 2 sin (2) cos (967 0| 


=) sin( 960+ =) -sin( 960-2) 
15 15 


= 2sin( 960+) - 2sin( 960-2) 
15 15 


=Vi Ty 
where y, = 2 sin [96m +) 
and y,=—2sin [96m0—™2) 


The apparent frequency from tuning fork 7, as heard by the 


observer will be 
V 


Observer q, 


V,= xv (il 
cC-—vV ) 


c = velocity of sound 

v= velocity of turning fork 

The apparent frequency from tuning fork 7, as heard by the 
observer will be 


where 


Cc 


= oe i 
. 2 aay (u) 
Given v,—v,=3 
1 1 CXVxX2V 
cxXVv = =3 i Saar ae 
C-V Ct+V cy =—¥Vv 
cxXxvx2v 
Since, v<<c 95 5 
C 
: 3 x 340 x 340 © 


v= = 5m/s 
340 x 340 x2 


(1) KEY CONCEPT : When two progressive waves having 
same amplitude and period, but travelling in opposite 
direction with same velocity superimpose, we get standing 
waves. 
The following two equations qualify the above criteria and 
hence produce standing wave 

Z, =A cos (kx— ot) 

Zz, =A cos (kx + wt) 
The resultant wave is given by z= z, +z, 
=> z=Acos(kx-—ot)+A cos (kx+ qt) 

= 2A cos k x cos wt 
The resultant intensity will be zero when 

2A coskx=0 


(2n+1) 
2 


> coskx=cos 
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2n+1 (Qn+1)n A, «=10rad/s 
> kx= Tl x = —————— 
2k 
where n=0, 1, 2,... 


11. 


12. 


(i) The transverse waves 
Z, =A cos (k x — wt) 
Zz, =A cos (ky— wt) 
Combine to produce a wave travelling in the direction making 
an angle of 45° with the positive x and positive y axes. 
The resultant wave is given by z=z, + Z, 
z=Acos(kx—at)+ A cos (ky -@t) 


=> z=2Acos CHD) cos] Hat WIR 2et 


2 
The resultant intensity will be zero when 
Pieg 2 ng ec 2 
2 2 
= 2n+1 
_, H(x-y) _2n+1 «y=, 


2 
(1) The frequency of the whistle as heard by observer on the 
hill 


4x 
V+V,, | e e 
= A B 

vt+v,—-v 
" is Hill 
1 
= 520 a ~ 599 Hz 
1200 + 40 —40 


(i) Let echo from the hill is heard by the driver at B which 
is at a distance x from the hill. 
The time taken by the driver to reach from A to B 

l-x 


i= 10 ... (0) 
The time taken by the echo to reach from hill 

ty = bay lyp 

a a ee) 

2 (1200+40) (1200-40) ~~ 
where t ,,,= time taken by sound from A to H with velocity 
(1200 +40) 
t1— time taken bysound from H to B with velocity 1200—40 
From (1) and (11) 
a a 
40 1200+40 1200-40 

=> x=0.935km 
The frequency of echo as heard by the driver can be 
calculated by considering that the source is the acoustic 
image. 


(V—-V,)+Vs 
al (V—V_)— Vo 


_ seo) oe 


(1200 — 40) — 40 
The angular frequency of the detector = 27tv 


|=e21ne 


“pe —lowadi 


T 
The angular frequency of the detector matches with that of 
the source. 


13. 


=> When the detector 1s at Cmoving towards D, the source 
is at A, moving leftwards. It is in this situation that the 
frequency heard is minimum 

(340 — 60) 


vev|——2 |= 340~ 
V+V, (340 + 30) 


Again when the detector is at C moving towards B, the 
source 1s at A, moving rightward. It is in this situation that 
the frequency heard 1s maximum. 


whee V+Vo | _ 340 x (340 + 60) 

V-V, (340 —30) 
(a) KEY CONCEPT : Use the equation of a plane 
progressive wave which 1s as follows. 


= 257.3Hz 


= 438.7 Hz 


2 
y=Acos (28x +2mve| 


The given equation is 
y, =A cos (ax + bt) 


27 21 
On comparing, we get rae a2mnrz— 
Also, 2mv =b 
5 yet 
On 


(b) Since the wave is reflected by an obstacle, it will suffer 
a phase difference of z. The intensity of the reflected wave 
is 0.64 times of the incident wave. 
Intensity of original wave I A? 
Intensity of reflected wave J'= 0.64 
=> ['«A* > 0.64] A” 
=> 0.64420 A*% > A'x 0.84 
So the equation of resultant wave becomes 

y, = 0.84 cos (ax— bt + m)=—0.8 A cos (ax — dt) 
(c) KEY CONCEPT: Theresultant wave equation can be 
found by superposition principle 

YrVTy, 

=A cos (ax + bt) + [—0.8 A cos (ax — bt)| 

The particle velocity can be found by differentiating the 
above equation 


v= 7 =— Ab sin (ax + bt) 0.8 Ab sin (ax — bt) 


=— Ab [sin (ax + bt) + 0.8 sin (ax — bt)] 
=— Ab [sin axcos bt + cos ax sin bt 
+ 0.8 sin ax cos bt — 0.8 cos ax sin bt] 

v=—Ab [1.8 sin ax cos bt + 0.2 cos ax sin bt] 
The maximum velocity will occur when sin ax = 1 and 
cos bt = 1 under these condition cos ax = 0 and sin bt =0 
fe Ve | = Load 
Also, | v_:,|=9 
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(dd) y=[Acos(ax+ bt)]—[0.8 A cos (ax — bt)| 
= [0.8 A cos (ax + bt)+ 0.2 A cos (ax + bt)| 
—[0.8 A cos (ax — bt)] 
= [0.8 A cos (ax + bt)—0.8 A cos (ax — bt)| 
+ 0.2 A cos (ax + bt)] 
oe 4)-2 " {ie bt) + (ax #0 
2 
. | (ax+bt)—-(ax— dt) 
sin {extn (en to} 0.2 A cos (ax + bt)] 
=> y=-1.6Asin ax sin bt+ 0.2 A cos (ax + bt) 
where (— 1.6 A sin ax sin bt) is the equation of a standing 
wave and 0.2 A cos (ax + bt) is the equation of travelling 
wave. 
The wave Is travelling in —x direction. 
NOTE : Antinodes of the standing waves are the positions 
where the amplitude is maximum, 


Le., sinax=1=sin nn +(-1)" 4 


rm c= [ne Oe 
2 la 


Let the two radio waves be represented by the equations 
y, =Asin 2nvit 
y, =A sin 2nv,t 
The equation of resultant wave according to superposition 
principle 
Y=), ty, =Asin 2nv, t+ A sin 2nvot 
= A [sin 2 nv t+ sin 2nVv,f] 
(2nv, + 2tv>)t ane (2mv, + 2nv>)t 
2 
=2A sint (Vv, +V>)tcos Tt (Vv, —V>)t 
where the amplitude A'=2A cos t(v,—v,)¢ 


=Ax2sIin 


Now, intensity oc (Amplitude)? 
= tes” 
I< 4A? cos*n (v, —v,)t 
The intensity will be maximum when 
cos*m (v, —v,) t= 1 
Or, Cost(V,—Vv>)t=1 
Or, (V,—V,)t=nn 
®, —@ 
ye EO a en ge 
2 @| — 02 


2nt 


Time interval between two maxima 
2nn— 2(n—1)n 2n 20 


Or, I, 3 sec 
0) —@ 10 


MO, —OM Wy, —W) 


Time interval between two successive maximas is 
2n x 10-7 sec 

(1) For the detector to sense the radio waves, the resultant 
intensity > 2A? 


Resultant amplitude > J2A 
or, 2Acosn(v, —Vv2)t2=V2A4 
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l 
Se 


~ V2 


— t 
The detector lies idle when the values of cos [ead 


1 
Or, COST Va) Or, cos| 


(@) aa 
2 


1 
is between 0 and a 


(a) — ©) is between ue and = 
z y) 4 
I Ce 
= — andt, = ——— 
'  @ -@2 2 2(@; -@2) 


The time gap =¢, —1, 


TU TU TU 


@)-O  2@;-o2) 2(@; -@) 


ms «107? sec 
2 


15. The whistle which is emitting sound 1s being rotated in a 
circle. 


V=To=3 OQm/s 


VT 


=30m/s 
r= 1.5m (given); w= 20 rads"! (given) 
We know that 
v=ro= 1.5 x 20=30ms"! 
When the source 1s instantaneously at the position A, then 
the frequency heard by the observer will be 


v= vy] — = 440| 29 | = a8 
v-Vv, 330-30 


When the source is instantaneously at the position B, then 
the frequency heard by the observer will be 


v= v| — = 440| 0 |=403.31% 
V+V, 330+ 30 


Hence the range of frequencies heard by the observer is 
403.3 Hz to 484 Hz. 

16. KEY CONCEPT : Motorist will listen two sound waves. 
One directly from the sound source and other reflected from 
the fixed wall. Let the apparent frequencies of these two 
waves as received by motorist are f'and f" respectively. 
For Direct Sound : V,, will be positive as it moves towards 
the source and tries to increase the apparent frequency. V, 
will be taken positive as it move away from the observer and 
hence tries to decrease the apparent frequency value. 


+ 
= en in (I) 


VV, 
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For reflected sound : 
For sound waves moving towards stationary observer (i.e. 
wall), frequency of sound as heard by wall 


f= V—-Vp 


After reflection of sound waves having frequency f, fixed 

wall acts as a stationary source of frequency f, for the moving 

observer 1.e. motorist. As direction of motion of motorist is 

opposite to direction of sound waves, hence frequency f" 

of reflected sound waves as received by the motorist 1s 
f= t= 


tf ..(2) 
v V—Vp 


Hence, beat frequency as heard by the motorist 


Vv 


vt+v V+Viy 


_v+Vn | 
V+Vy 


(V+V 


aff =| 


2v,(vt+v,)f 
or, Af= ulead f 7 7 


(a) For second overtone as shown, 
4 
SA S eee 


a Vets 
Also, V=VvA 
Al 15 
=> 330=440x — > ¢=—m 
. 16 
— | —_—__________» 
(Pressure (Pressure antinode) 
node) 
dispacenety displacement node 
ee scat MIDPOINT =O 
Pressure variation x=x Pressure variation 
IS Zero is max or min 


(b) KEY CONCEPT: At any position x, the pressure is 
given by 
AP = AP, cos kx cos wt 


Here amplitude A = AP, cos kx = AP) cos = 


15 15 oe 
For x= AiG = 39 ™ (mid point) 
27 IS |_ A 
Amplitude = AP, cos ot /440) 3 |- a 


(c) Atopen end of pipe, pressure 1s always same 1.e. equal 
to mean pressure °° AP=0, Py, = Prin = 
(d) At the closed end : 


Maximum Pressure = Po + AP» 
Minimum Pressure = F — AP, 


18. 


19. 
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(a) Mass per unit length of PO 
0.06 
= — kg/ 
ee Age ee 
0.06 kg 0.2 kg 
® 
P 48m Q 256m R 
0.2 

Mass per unit length of OR, m, = > 56 —— kg/m 


Velocity of wave in PQ is 


1" Vm 0.06/48 eee eee emn 


Velocity of wave in OR is 


V>= ae loom = 32m/s 
mM 0.2/2.56 


Time taken for the wave to reach from P to R 


~!pg* for 


48 A 2.56 014s 
80 9-32 


(b) When the wave which initiates from P reaches QO 
(a denser medium) then it is partly reflected and partly 
transmitted. 
In this case the amplitude of reflected wave 
( v5 = v | : 
A= ecm) A, ... (i) 


i) + Vy} 


where A ,= amplitude of incident wave. 
Also amplitude " transmitted wave is 
te 2v, | 
Yy+Vv2 
From (1), (11) 
Therefore, A,=2cmand 4,=— 1.5 cm. 
Speed of sound, v = 340 m/s. 


A, ...(ii) 


Let fo be the length of air column corresponding to the 
fundamental frequency. Then 


0195 
Alo 
or ae i 
4(212.5)  4(212.5) 


NOTE : In closed pipe only odd harmonics are obtained. 
Now, let £), C5, £3, C4, etc. be the lengths corresponding 
to the 3rd harmonic, 5th harmonic, 7th harmonic etc. Then 


sf» | =212.5 > €,=12m: 
Lac, J : l 2 1h, 
( v )\ 

S| Gp) 72125 = 2=2.0m 
ied =212.5 > 0,=2.8m; 


( v \ 
(| =212.5 > 04=3.6m 
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0.4m 
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1.6m 


or heights of water level are (3.6 — 0.4) m, (3.6 — 1.2) m, 
(3.6—2.0) mand (3.6—2.8) m. 
Therefore heights of water level are 3.2 m, 2.4m, 1.6 m and 
0.8m. 
Let A and a be the area of cross-sections of the pipe and 
hole respectively. Then 

A=n(2 x 10-*)*=1.26 x 10-7 m 
and a=1n(10-3)* =3.14 x 10° m2 


Velocity of efflux, v= /2gH 

Continuity equation at 1 and 2 gives, 
—dH 

a.j/2eH =A (=) 

. dt 


Therefore, rate of fall of water level in the pipe, 


2) 


dt 
Substituting the values, we get 


= —6 
ROCs ORI poe cere 


dt 126x107 
= at =(1 x 10) JH 
t 


Between first two resonances, the water level falls from 
3.2mto2.4m. 


dH 


<= -1.11x10- dt 

JH 

2.4 aH as t 
i a= (LIL x10 at 


=> 2V24-V3.2]=-(1.1«x107)2 


=> tx 43second 


KEY CONCEPT : The question is based on Doppler's effect 
where the medium through which the sound is travelling is 
also in motion. 

By Doppler's formula 


+ 
— pend ia 
CP Vin Ve 
NOTE : Sign convention for V,, 1s as follows : 
Ifmedium is moving from s to O then + ve and vice versa. 
Similarly v, and v, are positive if these are directed from Sto 
O and vice versa. 
(a) Situation 1. 
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| | B _ [2.088x10” 
Velocity of sound in water c = - = ah 03 


c= 1445 m/s; v,,=+2m/s; v)=0; v= 10m/s 


144542- 
oye =~. | Sion 
1445+2-10 
¢ 1445 
Now, v= — =————_3 = 10° Hz 
XK 14.4510 


“ v'=1.007 x 10° Hz 
(b) Situation 2. 


sz, 


page taee 10m/s = (Receiver) 


Applying formula (1) 
i ‘| 344-5-0 
344-5-10 
Second harmonic in pipe A 1s 
2(v0)4= 2) |= 7 pe 
A 
Third harmonic in pipe B is 


V 3 [yy pRT 
3(Vo) p = Pa ae B 


Msp 
Given Vv, =Vz 


LT fyaRt 3 fy pk 
t M, Af Mp 
2 
My, Ya (3) 
ce === s| = 
Mp ge \3 
A B 


Gas (Monoatomic) Gas (Diatomic) 
M, Mp 


| =1.03 «105 


5/3 16 400 
Zs s = 


7/5 9 189 


e— | ———___»| «— | ——_________5 


a fra, Me _3 
(Yo)p VY4 Map 4 


22. KEY CONCEPT: In the fundamental mode 


Now, 


; 
(4+0.6r)=—=—— => v=4f (¢4+0.6r) =336m/s. 


4 Af 
23. Here me or A= 2¢ Since, k= cL 
9) 7A 2 
The amplitude of vibration at a distance x from x= 0 is given 


by A=asinkx 
Mechanical energy at x of length dx is 


dE = = (dm) a? 2 5 (udr)(a sink x)" (2nv)* 
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24. 


25. 


= 2n7uv2a? sin? kx dx 
Butv=va 


Total energy of the string 
s4 9) T/p Dy i SD ( "| 
E=|\dE=)| 2n-~u——a’‘ sin~ | —|ax 


_ nTa’ 
4L 
Let the speed of the train be v, 
While the train is approaching 
Let v be the actual frequency of the whistle. Then 


= VS 
7 Vs —VT 
where v, = Speed of sound = 300 m/s (given) 
v'= 2.2 K Hz. =2200 Hz (given) 


2200 = oS 
=v 300—v7 ... 0) 


While the train is receding 
MAY 

Vo tVr 

Here, v'= 1.8 KHz = 1800 Hz (given) 
1800= ae ... (II) 

300+ vr 

Dividing (1) and (11) 
2200 _ 300 300+ vr 
1800 300-—vr7 300 


y= Vv 


KEY CONCEPT : The wave form ofa transverse harmonic 


disturbance 1s 
y= asin (wt+kx+9) 


Given V,,., = @@ = 3 m/s (i) 

A max = 40° = 90 m/s? ... (ii) 
Velocity of wave v = 20 m/s ... (ill) 
Dividing (11) by (1) 

2 
aaa iu => o=30rad/s ... (iv) 
aw 
Substituting the value of @ in (1), we get 
3 
= —=0.lm 
a 30 ... (V) 
2 2 30. 3 
Now, k= —= ey ae ... (v1) 


rR viv v 2 2 
From (iv), (v) and (vi) the wave form 1s 


3 
y=0.1 sin [30¢+ 7x9 


F. Match the Following 


(A) Pitch q. frequency 
(B) quality p. waveform 
(C) loudness rE intensity 


=> v,=30m/s 


A-p,t; B-p,s; C-q,s; D-q,r 

(A) Pipe closed at one end 

Waves produced are longitudinal (sound waves) 
—_ | ——_—_——_ 


ey 
4 
W Ag=4L — hy 
(p,t)arecorrect matching 4 
(B) Pipe open at both ends 
waves produced are longitudinal (sound waves) 


“ Ag=2L — 
(p,s)are correct matching. 2. 
(c) Stretched wire clamped at both ends 
Waves produced are transverse in nature. (waves on string) 


“ Ag=2L 
(q, S) are correct matching. 
(D) Stretched wave clamped at both ends & mid point 
Waves produced are transverse in nature (waves on string) 


on 
aa 
lI 
cc 


(q, r) are correct matching. 


G. Comprehension Based Questions 


1. (a) 2. (c) 3. (d) 


The equations are y, = A cos (0.5 mx — 100 rt) and 
y, =A cos (0.46 mx — 92 rt) represents two progressive wave 
travelling in the same direction with slight difference in the 
frequency. This will give the phenomenon of beats. 
Comparing it with the equation 

y=A cos (kx — wf), we get 

, = 100n => 2nf, = 100n > f, =50 Hzand 


K,=05n> <= = 0.51 => i, =4m 
1 


O 
Wave velocity = 1,f, = 200 m/s [Alternatively use v = K ] 


0,=92n > 2nf,=927T > f,=46 Hz 
Therefore beat frequency =f, —/, =4 Hz and 


200 
K,=0.46n => = =0.46n > ,= — 
ho 46 


zaLay Er y 
46 : 


NOTE : Wave velocity is same because it depends on the 
medium in which the wave is travelling. 
Now, at x =0, 

¥) + Y= (A cos 10 nt) + (A cos 92 rt) =0 


Wave velocity = 


p-S-142 


—_ 


=> cos 100 nt=—-cos 92 nt=cos (—92 mt) 
_ ee 99 — 2nt+l 
=cos[(Qn+1)x-920t > [t= 192 
l 191 
when t= 0,n= "5 and when t= 1, n= eee 


=> net amplitude is zero for n = 96 times (the nearest 

answer). 

(b) The speed of sound depends on the frame of reference 
of the observer. 

(a) Since all the passengers in train A are moving with a 
velocity of 20 m/s therefore the distribution of sound 
intensity of the whistle by the passengers in train A is 
uniform. 


@ v'=v,|—°|} =800 O59 [= 800% 55 
V—-V, 340-20 32 


31 31 
M_vyt= 2 — = 320x— =310Hz. 
v"—v'=(1120- 800) x 39 Mes Z 


I. Integer Value Correct Type 


T | 
We know that, v = [ = = = =10m/s 
LW Lo 70.2 


The wavelength of the wave established 


The distance between two successive nodes 
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Xr 10 

—=—=5cm 

2 2 

Let v be the speed of sound and v, and f, the speed and 
frequency of car. 


The frequency of sound reflected by the car is 


: fi= | | 


V-Vv. 


Differentiating the above equation w.r.t. v, ,we get 


d d 
My VOI WE Ve) a Ue) 


df! _ 
dv, = Jo (v—v,)° 
| PAY = 2v 
7 = fo] lf 2 (Vv. << v) 
M100 =2 «av, 

0 v 
nO0ID= 22 


mr -. dv,=0.198 m/s ~ 7km/h 


Resultant amplitude, 4 = Ay + As +2A, A, coso 


= |42 +3? +2x4x3xcos> = /16+9+0=5 


(3) y= ig sin 0+ sin © + sin = + sin | 


L=y=3ly => n=3 


Section-B 


(b) This will happen for fundamental mode of vibration as 
shown in the figure. S,and S,are rigid support 


r 
Here 5 =40 ..AX =80cm 


m —- 40cm —-> 
(c) KEY CONCEPT : The fundamental frequency for 


V 
closed organ pipe is given by Ug, = ae and 


V 
For open organ pipe is given by V9 = a0 


Vo_ vi 40 2 


“py, 2 vid 
(b) A tuning fork produces 4 beats/sec with another tuning 
fork of frequency 288 cps. From this information we 
can conclude that the frequency of unknown fork is 
288 + 4 cps or 288 —4 cps 1.e. 292 cps or 284 cps. When 
a little wax is placed on the unknown fork, it produces 


2 beats/sec. When a little wax is placed on the unknown 
fork, its frequency decreases and simultaneously the 
beat frequency decreases confirming that the frequency 
of the unknown fork is 292 cps. 

(b) To form a node there should be superposition of this 
wave with the reflected wave. The reflected wave 
should travel in opposite direction with a phase change 
of x. The equation of the reflected wave will be 
y=asin(ot+kx +7) 
=> y=-—asin (ot + kx) 

(b) KEY CONCEPT : The frequency of a tuning fork is 
given by the expression 


fe m*k f 
4/3 x07 Vp 


As temperature increases, ¢ increases and therefore f 
decreases. 


(a) y= 104 sin 00 —2x+ 2) 


But y = Asin(@t—kx+ 6) 
On comparing we get o= 600; k=2 
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7. (a) 
8. (c) 
9. (bd) 
10. @ 
ll. (©) 
12. (c) 
13. (a) 
14. (a) 


wo 600 
VYz=—_—=>-_— 

k 2 
KEY CONCEPT : For a string vibrating between two 
rigid support, the fundamental frequency is given by 


_ 10x 9.8 
wh 2x1V98x10° 
As the string is vibrating in resonance to a.c of 
frequency n, therefore both the frequencies are same. 
A tuning fork of frequency 256 Hz makes 5 beats/ 
second with the vibrating string ofa piano. Therefore 
the frequency of the vibrating string of piano is 
(256 +5) Hzie either 261Hz or 251 Hz. When the tension 
in the piano string increases, its frequency will 
increases. Now since the beat frequency decreases, 
we can conclude that the frequency of piano string is 
251Hz 
From equation given, 


~ 300 ms™! 


= 50 Hz 


= uy = 5m/s 

k 20 

No. of beats heard when fork 2 is sounded with fork 1 
= An=4 

Now we know that if on loading (attaching tape) an 
unknown fork, the beat frequency increases (from 4 to 
6 in this case) then the frequency of the unknown fork 
2 is given by, 

n= ng —An =200—4= 196 Hz 


fob 


Leas ae ~ > 100 = 20% 
n 5 on 5 


w=100 and k=20, v= 


v'=v} — = 10000= 9504, va 
V-V<g 300-—v 


= 300—v = 300x 0.95 => v = 300 —285 = 15 ms! 
V 
Given 5, 735 and (n +I) = 420 


n+l 420 


=— >n=3 
n 315 


Hence 3x —- = 315=> —- = 105 Hz 
2 20 


Lowest resonant frequency is when n= | 
Therefore lowest resonant frequency = 105 Hz. 


We have, L; = 10log{ -lLy= 0log| 
0 
“, L,-L, = 10 log ay -10)og{ 


I 
or, AL =10log| Lx 2. | or, AL =10}o{ 4 
ip, 5 i 


15. (b) 


16 (a) 


17. ©) 


18. (a) 


19. @ 


P-S-143 
( 1, \ (1, ) 
or, 20=10log| —| or, 2= log) — 
eis) ei) 
or, = 10? or In = : 


1, 100° 
= Intensity decreases by a factor 100. 


V Seecucl 
For first resonant length v = —— (in winter) 


At, 4x18 
For second resonant length 
Co (in summer) 4 eee 
Al, 4x 4x18 4xx 


| x =3x18x— A x =54x—om 
V V 


v'>v because velocity of light is greater in summer as 
compared to winter (v « JT) 
. x>54cm 


y(x, t) =0.005 cos (ax —Bt) (Given) 
Comparing it with the standard equation of wave 


y(x,t) =a cos (kx —q@t) we get 


k=a and m=8 
27 21 
_—=@ eS jee 
3 and T B 
27 21 
. O@=—=25n and b=—=7 
0.08 P 2 
Maximum number of beats =(v + 1)—(v —1)=2 
u=0 a = 2m/s" Vin 
Electric Ss Motor 
siren cycle 
v2, —u* = 2as => v2 =2x2xs v,, =2vs 


According to Doppler’s effect 


330-2Vs 
0 


0.94v = vy) ———_—_ = 
yoo oem 


- t a 
y= 026m) sia} 2a med im 


But y = asin(o@t— kx) 


”. velocity, y= vA =25 x 0.5 m/s= 12.5 m/s 
Velocity on a string 1s given by 
vg 


Vv a T =v" x p=(12.5) x 0.04=6.25N 
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20. (a) Given wave equation is y(x,t) = ve +bt" +2,fab xt) (2n-1)x340 — 1556 
0.85x4 | 
_ plvary+(Vb1)? +2Vaxvb0] _ 4-(Vax+Vb0) > 2n-1<125~6 
( py 320 
7 sly 24. @ As 2 -|- I* 309°" 
It is a function of type y = f(x + vt) 
v 320 
5 h = f — i a7 via 
= Speed of wave = fe VtVs 
a 
21. (a) The fundamental frequency of open tube a _ ss x100= = x100=12% 
Vv 
Vo = in ... (i) 25. (a) Weknow that velocity in string is given by 
That of closed pi qT 
= sa ) 
rv 
Vv 
\e= 4. ... (il) 
c hecae m___ massof string 
lo ‘i | length of string 
According to the problem /, = a 
Thetension T = > xXxXg (UD) 
Thus Vv, =——~ i > Vea ... (iil) 
From equations (1) and (111) From (a) and (b) 
Vo =v dx 
0- Ye a = Jax 


Thus, v.=f (~° vo =f is given) 
22. (b) Fundamental frequency, 


£ £ 

. xVdx = edt -. fxVdx— Jefe 

iif Hel Bet a. 
20 ~ 20 u 20 £ 


E 120 

T YA 1 fyAl 2Vv1 = tL 3 tS 2 S22 (S22 
Also, Y=—— => a =. 7S es SG) vl vg g 10 v2 
¥" 


Putting the value of 2, =. p and y in eq”. (1) we get, 


cusauteaceneae 
_ [2_ 10° oer 
Pa Va% 3 of, f 178.2 Hz Sere 


_ : (a) a 
23. (c) Lengthofpipe=85 cm=0.85m 
Frequency of oscillations of air column in closed organ 


No 

a 

S 
—»> 
~—> 


The fundamental frequency in case (a) is f = — 


pipe is given by, Y 
f= (2n—I)v The fundamental frequency in case (b) is 
AL 
Vv u 


p= M < 1250 P= 41D We 


GP_3481 


Electrostatics 


Section-A : JEE Advanced/ IIT-JEE 


6,4 _.. 26 A , tot Vv 
A 1. a dime 2. = =B 3. 180°, Gas, 7 4. 75 
1 9xq 
5. -gEa 6. -8 a 
B 1. F Be 3. °F 4. T 5. F 6. F 
Cc 1 6) 2. (b) 3. (b) 4. (d) 5. (d) 6. (b) 7. (b) 
8. (c) 9. (a) 10. (b) 11. (b) 12. (c) 13. (c) 14. (Cc) 
15. (dd) 16. (c) 17. (a) 18. (d) 19. (b) 20. (c) 21. ©) 
22. (a) 23. (b) 24. (a) 25. (a) 26. (d) 27. (c) 28. (d) 
29. (c) 30. (a) 31. (c) 32. (d) 33. (c) 34. (c) 
D 1. @d 2. (a,d) 3. (b) 4. (b,d) 5. (a) 6. (a) 7. (a,c, d) 
8. (b) 9. (c) 10. (d) 11. (b,c) 12. (d) 13. (a,c) 14. (a,c) 
15. (c,d) 16. (a,b,d) 17. (a) 18. (a,d) 19. (a,b,c,d) 20. (c,d) 21. (a,c, d) 
22. (a, b,c) 23. (d) 24. (b,d) 25. (c,d) 26. (c) 27. (a,d) 28. (c) 
29. (d) 30. (d) 
2 
E 1. (i) Move towards centre; (ii) g- 3. 3(2+ V3)K L 
a 
KQ(R +r) 3 
2. (i) 60°; (ii) mg = tk 2 ; (iii) N, = V3 mg;N,=mg 3, se . 0.628sec. 5. = 
tm | ML 
6. 848m 7. 3.16x 10°C 8S gE 
ee 4 Dee: b2 2\ 
1) Oo! a4 0) +C 
9. (i) ee er ag 5 aaa (ii) c=at+b 
I 2 Lj} 2a 
10. (a) 4a, (5a,0) (b) Ko|*--=_| () |Z mee 
30° 36M? ‘3 : 
: sa na 
12. (i) 2x 10°F, 1.21 x 10°5J (ii) 4.84 x 10° J (iit) 1.1 105J 13. 5 m 


K,K5A K. 
[9 “0_Iog “1 
d(K,-Ky) ~ Ky 
16. (i) 90x 10°C, 210 x 10°C, 150 x 10°C (ii) 4.74 x 10°77 J, 1.8 x 107 J 


14. 4.425 10° A. 15. 
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fo OR RY" || Q°R 4 a 
a — 
ie ope a) | (b) 2(4meq) 17 Bs SS o 3 
19. 3m/s, 3x 107J 20 ¢ 4 35-36 -V2) 
- m/s, As a) a a6 
1 po | 20; qo(o1 — 92 )a os 
1. @ ane a Ode of 27. ae, 23. Vi 
F 1. (A)-(p,1,s): (B)-G s); (C)-(p, g, ); (D)-G, s) 2. (a) 
G lL. (a) 2. (b) 3. (c) 4. (c) 5. (d) 
H 1. (a) 
I Lt 2 2. 3 3. 6 4. 6 
Section-B : JEE Main/ AIEEE 
1 (a) 2) = 6) 3. (b) 4. (d) 5. (a) 6. (a) 7. (b) 8. (c) 9. (d) 
10.(b) =U. (d) 12. (d) 13. (d) 14. (b) 15. (c) 16. (b) 17. (a) 18. (b) 
19.(c) 20. (©) 21. (c) 22. (a) 23. (c) 24. (c) 25. (a) 26. (a) 27. (a) 
28. (b) = 29. (c) 30. (a) 31. (c) 32. (d) 33. (a) 34. (b) 35. (c) 36. (a) 
37. (d) 38. (c) a2. (Cc) 40. (c) 41. (b) 42. (a) 43. (d) 44. (c) 45. (a) 
46.(d) 47. (ab) = 48. (c) 49. (a) 50. (c) 


Bec JEE Gdvanced/ llT-JEE 


A. Fill in the Blanks 


1. Onthe plate | there is +ve charge 


A l 
g-cy = M4xr 


On the plate 4 the charge is 
—2 Eq A 


—2q= xV 


2. It is greatest at point B because at B the equipotential 
surfaces are closest. 

3. There is no gravitational force acting. Only electrostatic 
force of repulsion is acting which will take the two balls as 
far as possible. The angle between the two strings will be 
180°. The tension in the string will be equal to the 
electrostatic force of repulsion 

Q 180° Q 
cc > iu 
T T 


l OxO_ | 


2 
= FO gi 


AT EQ (2L) 7 4T Eq AI? 


4. Initially charge on capacitance C= g, =CV 
Charge on capacitance C= g, =2CV 


G KC 
V' 
16 
acl 


Finally charge on capacitance C= q,'=KCV' 
Charge on capacitance 2C = q,'=2CV' 
Total charge will remain conserved 


3V 
K+2 
5. NOTE: Since electric field 1s conservative in nature, the 
work done by the field along PORS will be same as along 
PMS 
Work done from P to M = F.PM 
= F (PM) cos 90° = 0 


CV+2CV=KCV'+2CV' or, V'= 


YA __» 


E 


P (a,b,o) 
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6. 


Work done from M to S= F.MS 


= F (MS) cos 180° | F= gE] 
=~—qkEa 
Electric potential V= 4x? volts 


The electric potential changes only along x-axis, 
We know that 


2 
*¥ ax si dx 
The electric field at point (1, 0, 2) will be (here x= 1) 
E,,=—8 volt/m. 


q L 4 


Force on (—q) due to charge at D will get cancelled out by 
force on (—q) due to change on A. Similarly force on —q due 
to charge at E will get cancelled out due to charge on B. So 


es 


Ane, [7 


the net force will be because of charge on C F= 


directed from O to C. 
B. True/ False 


Electrostatic force is conservative in nature, therefore work 

done is path independent. 

The metallic sphere which gets negatively charged gains 

electrons and hence its mass increases. 

The metallic sphere which gets positively charged loses 

electrons and hence its mass decreases. 

When high energy X-ray beam falls, it 

will knock out electrons from the small 

metal ball making it positively charged. 

Therefore the ball will be deflected in 

the direction of electric field. e 
X-Rays 

The electric field produced between the parallel plate 

capacitor is uniform. The force acting on charged particle 

placed in an electric field is given by F'= gE. 

In the case of two protons, g and E are equal and hence 

force will be equal. 

KEY CONCEPT : Force on charge (— q) due to small charge 


dq situated at length df is given by 


—P 
E 
— 
P 


dp= 144 
SR 


Resolving this force into two parts dFcos 6 and dF'sin®@ as 
shown in figure. 


p-S-147 


If we take another diametrically opposite length df, the 
charge on it being dg. Then the force on charge (— qg) by this 
small charge dq will be 


dF= p44 
5R 


Again resolving this force, we find dFsin @ components of 
the two forces cancel out and dFcos®@ component adds up. 


The total force 
2nR kqdq | 
f= 
Charge on length 2xR = Q 
Odt 
== yg 
Charge on length d/ _ q 
F=f 27R 2kq 2 dtl 
5/5 R2 2nR 
7 2kOq ORR = 2kOq 
5/5 x 2nR? 54/5 R? 


This is not an equation of simple harmonic motion. 

For a particle to move in circular motion, we need a centripetal 
force which is not available. 

The statement 1s false. 


C. MCQs with ONE Correct Answer 

(b) The potential at the surface of a hollow or conducting 
sphere is same as the potential at the centre of the 
sphere and any point inside the sphere. 

(b) The two charges form an electric dipole. If we take a 
point M on the X-axis as shown in the figure, then the 
net electric field is in —X-direction. 

Option (a) is incorrect. 

If we take a point N on Y- 
axis, we find net electric 
field along +X direction. 
The same will be true for 
any point on Y-axis. (b) is 
a correct option. 
NOTE: For any point on 
the equatorial line of a 
dipole, the electric field is 
opposite to the direction 
of dipole moment. 
(b) Wo 9=4 VV9)=4 0-0) =0 

. (c)1s ; incorrect. The direction of dipole moment is 
fom —ve to + ve. Therefore (d) is incorrect. 

(b) Cand 2C are in parallel to each other. 

Resultant capacity = (2C + C) 
Cp=3C 
Net potential = 2V-—V 
Vrp=V 


| 
: Final energy =—Cp(Vp)" =SG0)V) = = =cV? 


P-S-148 o—_———————— — )SEOopic-wise Solved Papers - PHYSICS 


4.  @_ Within the capacitor, | d d . d 
= 5 D : +0, +Q, ™ KAép AEg (Ky so Ky) 2AEGK3 
1 2694’ 7 2&9 A’ p 
“| 
where A = area ofeach plate i, oe ee K,+K, + 2K, 


d = separation between two plate 
P a = 8. (c) Electric field lines do not form closed loops. Therefore 


7 ol 7 Pe ees options (a), (b) and (d) are wrong. 
E=6,-£, =5, a (QQ) Option (c) is correct. There is repulsion between similar 
charges. 
Hence, V= Ed 9. (a) When Sis closed, there will be no shifting of negative 
ld 0, -Q) charge from plate A to B as the charge—g is held by the 
=) ao (Q,-Q2) = 30 charge+ q. Neither there will be any shifting of charge 
0 from B to A. 
5S. @ With the closing of switch S$, and S, the negative 10. (b) NOTE: As we move along the direction of electric 
charge on C, will attract the positive charge on C, field the potential decreases. 
thereby maintaining the negative charge on C,. The “ Vi>Vep 
negative charge on C, will attract the positive charge y 


on C,. No transfer of charge will take place. Therefore 
p.dacross C;, and C, will be 30 V and 20 V. 


2 
6. (b) Herewe have A ang cs 0 


_ E 
a a ay2 
(0, 0) (1, 0) 
Q=- qv2 —— 2q A B 
v2 +1 242 11. (b) Initial energy 
7. ©) y-20¢ 497 2 3 
") , AnEga x=-a 0 x=ta 
d d Initially 
2 2 q O q 
Er 
x Y Final energy x9} 
: a a 
. atx a-Xx 
j Finally 
Og I 1 | ___70qa_ 
Ur = + — 5 9 
4mEg Latx a-x Ane (a —* | 
Let C, = Capacity of capacitor with K, 
C, = Capacity of capacitor with K, 2091 1 > 
C, = Capacity of capacitor with K, U; -U; = a ae 
A) &) x2 AeoK neo} @ (a? —x?) 
Eq X E 
C= K, (4) & x2 _ AeoK) 
2/ ad d a A? 2 
2 20q | a” -x° -a _ —2Q0qx 
Cy =K; (4) &o x2 = AgyKy Ang, a(a’ - x") Ane ya? 
IF. <@ d 
se Byer when x << a then x” is neglected in denominator. 
Eq X E 
C; = K,(A)-2—- = — 8 3 / \ 
d d ee 
C;, and C, are in parallel U;—U; Saeca?) 
Ago 12. (c) Initially we know that 
Cog = ——(Ki + K2) (c) : cc 
—_— AU =~ -(V, Vy" 
Coq and C3 are in series 2C+C 
1__ od, au =2x—" y,-1,/9° 
C AEg (K, oF Ky) 2 AE K3 2 2C 
C 
KAsy | | AU =—(V, -V2)° 
But C= for single equivalent capacitor 4 


d 
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13. (c) 
14. (c) 
15. @ 
16. (c) 
17. (a) 


P-S-149 
Electric field everywhere inside the metallic portion of 18, (@) Whena positive point charge is 

shell is zero. placed outside a conducting netehaweH0 
Hence options (a) and (d) are incorrect. sphere, a rearrangement of [~~ 777 cain 
Electric field lines are always normal to a surface. Hence charge takes place on the surface. | = wn } 
option (b) is incorrect. Only option (c) represents the But the total charge on the fg _ ti 
correct answer. sphere is zero as no charge has 74! —_ +! 
left or entered the sphere. ER Dr AE 

Fre Kq 19. (b) Let us consider a uniformly 

EF ae, charged solid sphere without 

any cavity. Let the charge per 

Electric field due to Pon O unit volume be o and O be the 


is cancelled by electric field 
due to S on O. 

Similarly Electric fielddue _ 
to Q on O 1s cancelled by 
electric field due to and O. 
The electric field due to R 
on O is in the same 


centre of the sphere. Let us O 

consider a uniformly charged 

sphere of negative charged P Z, 

density o having its centre at 

O'. Also let OO' be equal to a. 

Let us consider an arbitrary point P in the small sphere. 
The electric field due to charge on big sphere 


direction as that of Uon O. Oe _° op 
Therefore the net electric 3€q 
fieldis 2E. Also the electric field due to small sphere 
The flux through the Gaussian surface is due to the E> = °_Po 
charges inside the Gaussian surface. But the electric a ae ; .. The total electric field 
field on the Gaussian surface will be due to the charges 
present in side the Gaussian surface and outside it. It ey es ee oO] [OP a PO] Popes co 00' 
will be due to all the charges. 3&9 0 
Figure shows the electric fields due to the sheets 1, 2 Thus electric field will have a finite value which will be 
and 3 at point P. The direction of electric fields are uniform. 
according to the charge on the sheets (away from 20. (c) Thecharges make an electric dipole. A and B points lie 
positively charge sheet and towards the negatively on the equatorial plane of the dipole. 
charged sheet and perpendicular). Therefore, potential at A = potential at B=0 
W=q(V,—V,)=  x0=0 
@ Y 
Z = 3a +' @ 
z te BO, a, 0) ,4-Z 
_.yE, 7 
E a) “4 ¥ (0, 0, -a/2) 
Z=a -260 A /- ; 
--4 em eh n= eh Xx 
(-a, 0), 0) lg 
@ (0, 0, a/2) 
z=ati‘OSOS~—‘<~é< z 
Th ieee 21. (c) The electric field due to A and B at O are equal and 
etal cleciie ae opposite producing a resultant which is zero. The 
E=EF)+Eo+E3 electric field at O due to C is 
Z x n 1 2q/3 q 
=E, (-k)+£E,(-k)+ E3(-k) = <q, = 
2 3 4ne€, R2 66, R* 
_|_o, 20 gp Dee 20 i .. Option [A] is not correct. The electric potential at O is 
2E9 2E9 2€9 £0 , 


When a charge density is given to the inner cylinder, 
the potential developed at its surface is different from 
that on the outer cylinder. This is because the potential 
decreases with distance for a charged conducting 
cylinder when the point of consideration is outside the 


cylinder. 
But when a charge density is given to the outer cylinder, +q/3 +9q/3 24/3 
it will change its potential by the same amount as that Vo=K | —— |+K]——|+K 2 = 


ofthe inner cylinder. Therefore no potential difference 
will be produced between the cylinders in this case. .. Option [D] is wrong 
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22. (a) 


23. 6) 


o—_———— —— )SEOlopic-wise Solved Papers - PHYSICS 


I AABCLE = in 30° AG oR 
n AB” 81230" =AC=—, 


V3AB 


BC 
Also7 =sin 60° > ele waa J3R 
Potential energy of the system 


2 Ce ee ee 


V3R 


~OR|2 ~~ V3 

.. Option [B] is wrong 

Magnitude of force between B and C is 
1 (2q/3)(q/3) sq? 


An & (V3r) 54a — R? 


Let the level of liquid at an instant of time 't' be x. Then 


go @ = dx = —vdt 
dt 


x t 
= i} dx =-v fat 
d/3 0 


ge 
3 


d 
=> x=—- vl 
3 


Also the capacitance can be considered as an equivalent 
of two capacitances in series such that 


Jie 4, 
Cog C Cy 
il ot | _d-x, X 
Cy G&A «|AK gG@A e AK 
d-x X 
&) AK 


1 Kd+x(1-K) 


d 
But A= 1, K=2andx=, —vt 


(Ge E& x1x2 _ 64 
ee eq  [q1... 
2d+| $—ve (1-2) ae 


6R & 
Sd + 3vt 
The charges on the surfaces of the metallic spheres are 
shown in the diagram. It is given that the surface charge 
densities on the outer surfaces of the shells are equal. 
Therefore 


.. Time constant tT = RC. = 


24. 


25. 


26. 


(a) 


(a) 


(d) 


Qo AtD, AtQ+Q; © ead 
4nR* 4n(2R)> = 4n(3R) 
Q, = 4nR? x 


QO; +O, = 4n(2R)* k = 4[4nR7x] 
> Q>=4[4nR*x]-O, 
= 4[4nR*x]—4nR?x = 3[40R2x] 
Also Q, +Q> +O; = 4n(3R)* x = 9[4nR7x] 
O; = 9[4nR*x]— QO, — OQ, = 9[4nR*x]—[4nR?x] 
~3[4nR?x] = 5[4nR7x] 


=> O,:0:Q,=1:3:5 

From the figure it is clear that the charge enclosed in 
the cubical surface is 3C + 2C— 7C =-2C. Therefore 
the electric flux through the cube is 


The electrostatic pressure at a point on the surface of 


2 


a uniformly charged sphere = te 
9 


.. The force on a hemispherical shell = x mR? 


2 € 


When the electric field is on 
Force due to electric field = weight 
qi = mg 
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27. (c) 


28. @ 


4nR*pg 
=————. .() 
3E 
When the electric field is switched off 
Weight = viscous drag force 


4 
qi = 3 tR'pg 


mg= 6nnkv, 


Inv, 
2pg 


R= 


4 
3 RR pg = 6mnRy, ~ ii) 


3 
4 |9 2 
From (1) & (11) = $n] . = 


900 x9.8x 7 
eo 
81m x10° 


3 

4 | 9X1.8x10° x2x10™ |? 
2x 900 x 9.8 

=7.8x1071°C 

Given E=E,x 

This shows that the electric field acts along + x direction 

and is a constant. The area vector makes an angle 


of 45° with the electric field. Therefore the electric 
flux through the shaded portion whose area is 


2. —_ 
axJ2a=\2a’ is )= £.A= EAcos0= Ey(V2a2) cos 


l 
45° = Eg(V2.a°) x — oe? 


% 


Phd 


When S and | are connected 

The 2uF capacitor gets charged. The potential 
difference across its plates will be V. 

The potential energy stored in 2 uF capacitor 


When S and 2 are connected 
The 8uF capacitor also gets charged. During this 
charging process current flows in the wire and some 
amount of energy is dissipated as heat. The energy 
loss 1s 

1 CQ,Cc 


2 2 
— — Via!) 
AU 1G +0," >) 


29. (c) 
30. (a) 
31. (c) 
32. @ 


p-S-151 
Here, C, =2uF, C, 8 wh, Vj=V, V,=0 


MO eG rey 
2° 248 5 


AU 
The percentage of the energy dissipated = Te 100 


42 


=> x 100 = 80% 
y2 


The pattern of field lines shown in option (c) is correct 

because 

(a) acurrent carrying toroid produces magnetic field 
lines of such pattern 

(b) achanging magnetic field with respect to time in 
a region perpendicular to the paper produces 
induced electric field lines of such pattern. 

The frequency of SHM performed by wooden block 1s 

E 
1 |k 
Y=sci +2 


9 AaXVm 


when electric field is switched on, the value of k and m 

is not affected and therefore the frequency of SHM 

remains the same. But as an external force QE starts 

acting on the block towards right, the mean position of 
. QE 

SHM shifts towards right by ra 

correct option Is (a). 

Note : In SHM ifa constant additional force is applied 

then it only shift the quilibrium position and does not 


change the frequency fo SHM. 
The two forces acting on the 


proton just after the release are GE 
shown in the figure. In this 
ee 0 
situation 
gE=mg —‘[-. 0= 45°] . 
mg 


{es 


—27 —2 
Ve med 7 1.67 x10 se ~10-v 
g 1.6x107 


For a thin uniformly positive charged spherical shell 
(i) Inside the shell at any point 


E=Oand V = : 4 constt. 
An =) R 
where g=charge on sphere 


R= Radius of sphere 
(1) Outside the shell at any point at any distance r 


from the centre EF oc I and V I 
r? r 


P-S-152 Topic-wise Solved Papers - PHYSICS 
33. (c) The total charge on plate A will be— 80 pC. Ifqzandge G) Pd.=V, P.d.=V, 
be the charges on plate B and C then Capacitance = C Capacitance = KC 
93+ Ic = 80 uC (1) Gi) Q.=CV, [K is the dielectric constant of 


34. 


L 


2. 


Also 2uF and 3uF capacitors are 
in parallel. Therefore, 


9B _ IC 
2 3 
80—-gc 9c. 
2 3 
240 -3q¢=24¢ 


l 
© m=~--%: 
Te) R 
i 2Q — | @Q/2 
- Ane R2’ : Ane R2 
Clearly E,>E, >, 


where Q/2 1s the charge enclosed in a sphere of radius 
R concentric with the given sphere. 


490, 9 
42k tn 
3 3 


D. MCQs with ONE or MORE THAN ONE Correct 


(d) Let us consider the positive charge Q at any instant of 
time ¢ at a distance x from the origin. It is under the 


influence of two forces F, (= F) and F;, (= F). On 


resolving these two forces we find that F’sin @ cancels 
out. The resultant force is 4 


F,=2F cos 0 

sy KO" 
(x* +.a7) 
2kOqx 


= (+ a2y/2 

Since Fp is not proportional to x, the motion is NOT 
simple harmonic. The charge Q will accelerate till the 
origin and gain velocity. At the origin the net force is 
zero but due to momentum it will cross the origin and 
more towards left. As it comes on negative x-axis, the 
force 1s again towards the origin. 


mele 


slab K> 1] 
New charge = KCV, 
(1) Potential Energy New potential energy 


1 
=—CV¢ =—KCVp 
2 2 


; _ Vo a 
(iv) B= 7 E= 


1 Fae 2 Fo33 


Considering equilibrium of 1 


Pi3=F ip 
KQxQ_KQ-4) gy 
(20)? 0? - G- 4 
(b, d) +g —q 
Charge on plate is g 
004 
"a 
qg=CV > V= = 
<+—\_» 
U= Z xV i 
54 
Charge on plate is g 


EqA a = 
C= is => C'< C, q q 
d 
V'= a VV 
+—_> 
d 
(a) The potential inside the shell will be the same 
everywhere as on its surface. As we add — 30 charge 
on the surface, the potential on the surface changes 
by the same amount as that inside. Therefore the 


potential difference remains the same. 
(a) The equivalent capacitance 


“ul 10 


oe eee eee 
—=—+=+ = ar Cnr 
Ca 2.2 2x5 J aU 
Cc 
C 
GC 
c 
Ht 
C 
t. 
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7. (acd) _ 4(Q,-Q){ V2-1\ 
K Eq A AnégR f ab) 
— d 9.  (c) Let A be the charge per unit length. Let us consider a 
Gaussian surface (dotted cylinder). 
Applying Gauss's law 
—~— Al 
= OE.ds = — 
b= > “ 
For the flat portions of 
Q=CV Gaussian surface, the 
angle between electric | - 
PO O= Eg AV _c'y' field and surface is 90°. 
d Hence flux through flat ¥ - 
QO will remain same as no charge 1s leaving or entering the portions is zero. 
plates during the process of slab insertion NOTE: Bysymmetry, the electric field on the curved surface 
Now, O=C'V'=C'E'd is same throughout. 
AV The angle between E and ds is 0° (for curved surface) 


= Bl ds=~ => Ty mie 


£0 EQ 


= Eat 


2TEGL Ir 
10. @) The electric lines of force cannot enter the metallic 
sphere as electric field inside the solid metallic sphere 
is zero. Also, the origination and termination of the 
electric lines of force from the metallic surface is 
normally (directed towards the centre). 
11. (b,c) 
In region I and III, there will be electric field £, directed 
from positive to negative. In region II, due to orientation of 


71) 
AsC=—A Cc 
: d 


SS = 


dipoles, there is an electric field Ek present in opposite 
direction of Eo. But since Eo is also present, the net electric 


field is Ey —E, in the direction of Eo as shown in the 
diagram. (* Ey>£E,) 


W=(IPE.) ,—(LPE.), where TPE. = Total Potential Energy = 


(IPE) ,= (_ x4+| — Pree _ 
AnegR ANE, R? oF R? 
ty Se 
__4 ged 
AnegR J2 
(TPE) = [ _Q, Vos | q 
. . ° B 
(ane) a VR? +R? 
q — 
= + — 
AmegR 0, a 
w= q 0 + Q QO, - S. NOTE : When one moves opposite to the direction of electric 
4negR V2 V2 field, the potential always increases. The stronger the electric 


field, the more is the potential increase. Since in region II, 
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12. 


13. 


14. 


15. 


the electric field is less as compared to J and III therefore the 
increase in potential will be less but there has to be increase 
in potential in all the regions from x = 0 tox = 3d. Also where 


dV 
Eis uniform, —— = constt. 
x 


(d) Potential at origin will be given by 


q | 1 l l 
y= — —-——+—-—_-} .... 
ANEQ| Xp 2X9 3X 4Xxp 


4 1n(2) 


V= 
AT EDX 


(a, c) 

Let QO be the charge on the ring, the negative charge — q is 
released from point P (0, 0, Z)). The electric field at P due to 
the charged ring will be along positive z-axis and its 
magnitude will be 


1 OZ, 
Therefore, force on charge P will be towards centre as 
shown, and its magnitude is 
Oq 
<a ae se(d 
4néy (R°+Zhy"* " 
Similarly, when it crosses the origin, the force is again towards 
centre O. 


Thus the motion of the particle is periodic for all values of 
Z, lying between 0 and . 


Secondly if Z, << R, (R?+ Zé )> ~ R 
_l Qq 


e Anéy R? , 


Z0 [From equation 1] 


1.e. the restoring force F’, oc —Z,. Hence the motion of the 
particle will be simple harmonic. (Here negative sign implies 
that the force is towards its mean position). 


(a, c) 
KEY CONCEPT : Theexpressions of the electric field inside 
the sphere (r < R) E = _| r; outside the sphere 
An Eo R 3 
E 
| no 
| 
(R<r<o)F= = 
An 74) r B 
O r=R ‘ 
Hence, F increases for r< R and decreases for R <r < 00. 
(c, d) 


When two points are connected with a conducting path in 
electrostatic condition, then the potential of the two points 
is equal. Thus potential at A = Potential at B 

(c) is the correct option. 

Option (d) is a result of Gauss's law 


Total electric flux through cavity = a. 
| 


16. 


17. 


18. 


19. 


o—_————  —— )SEOlopic-wise Solved Papers - PHYSICS 


Option (a) and (b) are dependent on the curvature which is 
different at points A and B. 

(a,b,d) 

(a) The whole charge 
O will be enclosed in a 
sphere of diameter 2p. 
(b) Electric field E = 
zero inside the sphere. 
Hence electric field is 
discontinued at r= Ro. 
(c) Changes in V and 
FE are continuously 
present for 
r> Ro. Option (c) is 
incorrect. 

(d) For r < Ro, the 
potential V is constant 
and the electric 
intensity 1S zero. 
Obviously, the 
electrostatic energy is 
zero for r< Rp. 


(a) Thesituation is shown in Ro r 
the figure which is similar v 
to a planet revolving 
around sun. The distance =i 
of — g from + Q is 
changing, therefore, force 
between 


the charges will change. 


The speed of the charge — g will be greater when the 
charge is nearer to + QO as compared to when it is far. 
Therefore, the angular velocity of charge — g 1s also 
variable. The direction of the velocity changes 
continously, therefore, linear momentum 1s also variable. 
The angular momentum of (— qg) about Q is constant 
because the torque about + Q is zero. 

(a.d) 

The electric field lines are orginating from Q, and terminating 

on Q,. Therefore Q, is positive and Q, is negative. 

As the number of lines associated with Q, is greater than 

that associated with Q,, therefore |Q,| > |Q,|. 

Option (a) is correct. 

At a finite distance on the left of Q, , the electric field 

intensity cannot be zero because the electric field created 

by Q, will be greater than Q,. This is because the magnitude 


| Q 
of Q, is greater and the distance smaller E aie 
r 


At a finite distance to the right of Q,, the electric field is 
zero. Here, the electric field created by Q, at a particular 
point will cancel out the electric field created by Q,. 

(a, b,c, d) 

Electric field inside a spherical metallic shell with charge on 
the surface 1s always zero. Therefore option [a] 1s correct. 
When the shells are connected with a thin metal wire then 
electric potentials will be equal, say V. 


1 Q4__ 1 Gi, 


"4m ey Ry Ane Rp 
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As R, > Rp therefore Q , > Ap. option [b] is also correct. 


O4 
De 2 
As 24-57% RB OA RR Amey RAV 
op _QYB Re OB RA An eg RaV 


Also Ey, =°4 @ ER eed 
& <0 
Eg = OA = Re <1 
E B Op R A 
Option (d) is also correct 
20. (c,d) 
(a) isnot correct because it is valid only when E « r~? 
(b) is not correct 
(c) 1s correct as between two point charges we will get a 
point where the electric field due to the two point 
charges cancel out each other. 
(d) is correct when the work done is without accelerating 
the charge. 
21. (a,c,d) 


“ Ey <Eg 


; a 
The electric flux passing through x = oa ; 


a a. 
X= 5 z= rs is same due to symmetry. 


The net electric flux through the cubical region is 


“4t3q-G_ 4 


Z 24, 


22. (a,b,c) 


25. 


Fy, + Ee 


—_—— 7 


Pal 15 |=|Ec |= 2! =| Fe |=| Er |=K 
Eg=E,ytEpt (Ert Ee) cos 60° + (Ep + E-) cos 60° 


ep 


Here 


1 1 
=2K +2K+(K+K) x ry + (K+K) x 5 = 6K 


The electric potential at O is 


“R, Option (c) is also correct 23. 
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= +q+q-—q-q-2q|= 

O ee ee q+q-—q-q-2q|=9 

PR is perpendicular bisector (the equatorial line) for the 
electric dipoles AB, FE and BC. Therefore the electric 
potential will be zero at any point on PR. 

At any point ST, the electric field will be directed from S to 7. 
The potential decreases along the electric field line. 

(b, d) 


Electric field E, due to smaller sphere at P is 


1 fa «AR 


| An& (2R) 


I py zR pk 
E, — ) Ce 
AT & 3 4 & x3 
Electric field E, due to bigger sphere at P is 
E, = pak 
3 =p) 
PI 
AS E; =E, pot 1 Des 4 
4qx3 34 P2 
Option (d) is correct. 
(b, d) 


Step 1 : When S, is pressed. The capacitor C, gets charged 
such that its upper plate acquires a positive charge + 2 CV, 
and lower plate —2 CV». 

Step 2 : When S, is pressed (S, open). As C, = C, the 
charge gets distributed equal. The upper plates of 
C, and C, now take charge + CV, each and lower plate 


(ed) (b) and (d) are correct option. 

C, 

Let us consider a point P on the overlapping region. The 
electric field intensity at P due to positively charged sphere 


_ pr 
3& 
The electric field intensity at P due to negatively charged 
pr2 | 
sphere = 3& . The total electric field, 
= — Py py 
E=—+—*+=—| 1 +r 
36 3 rat | 
es 
3 &o 


Therefore the electric field 1s same in magnitude and 
direction option (c) and (d) are correct. 
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27. (a,d) 
Ey 
24/3} Q> 
C,=C-C, 
26. (c) —d-—- 
% 1 OQ This is a combination of two capacitors in parallel. 
+Q e——______—_—_—_—e E, ae Therefore 
| *0 Vo C=C,+C, * Cy=C-C, 
+ (1) ] 2X0 
:i+-_—____—_—_— LD fae ee where Co and C—C, = 4 
ae , TE "0 3e9d 3e9d 
‘0 
E, le cC-G 2 
2& a 6 aaa 
. ee 2 
E,=E, (Given) . CG. ae 
1 Q_ 1 2a 
A4NEp rt AT & Ip ; oe 
Ck 
“ Q=2)ry (1) 
E,=E, (Given) C 2 - 
1 2A o N Gy. ok 
Ane 1) 2& on .”. (d) is a correct option. 
.”. (b) 1s incorrect kA 
E, =E, (Given) Now, Q, =C,V= 3eod xV 
e 2 = 5 Q= 2x0 >A 
Ane) yy = 2& and Q, =(C-C,)V= Pera 
. (a) 1s incorrect “0 
1 4Q a ok aoe 
Now E, (t)/2)= ancy os 0, =e .”. (C) 1s incorrect 
Also V=E 
_ 1 4x2hmy 8A a 
4neq ag An Eq 1 . E= ~ = E, = E> . (a) isa correct option 
1 An 1 8A 28 (c)  Forceon change q when it is given a small displacement 
TMEy Ip ANEQ Ip net ~1 ° 2 
. (c) 1s correct F = See eee 
cam rr ate n net 2N& d—x Ney dt+x 
r = —_ — ——. = 
eee’ An ey y/2 Ate ty Teo n [d+x-d+x 
Ae Ca 2néo dz — x 


eps Bo a2 ag 
3 To/2) 2 € A 2x 


és | re 2TEQ d” _ x2 


2d 
When x << d then line charge | 


.”. (d) 1s incorrect. 
lme charge 2 


29. 


30. 


= ~_ x and is directed towards the mean position 


net — MEQ 


therefore the charge +q will execute SHM. 


line charge 1 line charge 2 

In case of charge (-q) 

F, > F, therefore the charge —q continues to move in the 
direction of its displacement. 

[C] 1s the correct option. 

(d) Assume the cavity to contain similar charge distribution 
of positive and negative charge as the rest of sphere. 
Electric field at M due to uniformly distributed charge 
of the whole sphere of radius R, 


£25 S 
3g 


Electric field at M due the \ 
negative charge distribution 
in the cavity 


E> =£ MP 
3¢ 
The total electric field at M is 


(d) 


e—l/2,.—_». 
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Gx | d d Eqs 
eq CO, +C «695 d 
d 
3 E08: 208 
3d d 
7 €S 7 Eqs 
SS SS “°C; =— 
Ceq 3d rae | 


E. Subjective Problems 


(i) The force on charge g kept at A due to charges kept at 
Band C 
F, = 2F cos 30° 


f= Bal 9x0 


The force on g due to charge (— qg) kept at D 
2 ( 2) 
a =Fx[ox10" «| 
(2a/3)” 4 a 
Clearly the two forces are not equal. Also as F’, > F, the 
charges will move towards the centre. 


F,=9 x 10? 


2F cos 30° 


01302 


(ii) For charges to remain stationary 


2 2 
2 x x o_y3 = ay ees Q => 4V3 q _ 
a 2 4 a 9 
The charge Q should be negative. 
The potential energy of the system is 


2 2 
=3 KD+K5 1/43 Kx 43 int. 
a a 9 (2a/3) 


Q 


2 2, q’ 
=6Kx £433 KS =3024+V3) KE 
a a a 


This is the amount of work needed to move the charges to 
infinity. 

Because of equilibrium of charge qg, 
N, =mg sin 60°+ (T—F)sina — ... (i) 
and (T-F) cos a=meg cos 60° _... (i) 


[(7—F) sin a] 
mg 
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Because of equilibrium of charge q, 


(T-— F) sin a= mg cos 30° ... (111) 
and N,=(T—F) cos a+ mg sin 30° __... (iv) 
AO. 
hae _90— 2 
a ig sin 30 ” 
(T-F) cosa mg COs 30 
ng * 

1 \ 
l \ 
Lee A 

From (1) and (111) 


N, = mg sin 60° + mg cos 30° 


(V3 31 
mg | > = v3me 


From (11) and (iv) 


1 1 
Ne = mg cos 60° + mg sin 30° = me{ +4 1). mg 


Also, F= 4122 
£ 
Now from eqn. (11) and (111), we get 
(T—F) cos?a+(T-F) sin? « 
= mg? cos? 60° + mg? cos? 30° 


= (1-Fpamig | +3) amg 


=> T-F=+mg ... (V) 
=> T=mg+F =mgt+ an ... (V1) 
[Taking positive sign | 


From (11) and (v) 
mg cos a= mg cos 60° => cos a=cos 60° 
a=60° 

when the string is cut, 7=0 
From (vi) 


mg= + ae > 419, =+ 


Now the charges should be unlike for equilibrium. 
Let g be the charge on the inner sphere and (Q — q) be the 
charge on outer sphere. 


Given that surface charge densities are equal. 


_q _Q-q surface charge density,o = ‘ 
Anr? AnR? A 
or, gR*=(Q-q)r’ or, gR*=Qr-—g¢r 
__ or 
2 R? +r? 
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Potential at O due to inner sphere 


g K( Or? \ 

hi Se r\ R247 

2 Qr 
on R* +r? 
Potential at O due to outer sphere 
K Or? 

(O-q) =—|Q- 

tee 2 R + 3 


| OR? + Or? -Or? | 
Ro (Rt4r) 


KOR 
R(Re+P) (RP) 


The total potential at the common centre 


K(OR) 


KOQr KOR — KQ(R+r) 
Ro4r? Re er? R* +r? 
KEY CONCEPT : The electric field due a uniformly charged 
ring of radius r at a point distant x from its center on its axis 
is given by O 


Ox 


(r? ns x2 Nae 


r=lm 
O=105C 
mass of particle m=0.9 x 10% kg 


“hb 
Fixed Ring 


charge on particle g=— 10°C 
Force on the negative charge g will be F= gE 


_ _ ~kQq _  -kQq 
(42/2 XxX or, mA= (Peey? 
Oq 
or, A=- 
m(r2 + x2)p/2 
For x <<r Anh x 


= Themotion is on harmonic in nature. 
2 


Comparing the above equation with 4 =-—wx we get 
»_ kOq _ {kQq 
o= = 3 
mr mr 
3 
PTY a: We => =r — 
r Pr kQq 
1/2 
9x10? xP 
7=2«3,14] ——" 
9x10’ x10 ~~ x107 


=6.28 [0.01]! = 6.28 [0.1] 
T= 0.628 sec 
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5. 


The potential difference across each capacitor is V. 
Total Energy = Energy in A + Energyin B 


gee tl eae 
= —CV*+—-CV" = 
5 ; CV? 


When the switch opened and a dielectric is inserted between 


the plates of capacitors, the new capacitance is 3C. 


l 3 
Energy in A = = BC" = =cv" (V is the same) 


2 2 
¢ _1 CY) 


Le en 
2KC 2 3C 


Energy in B= 


y? | | 
ane (charge on capacitor B remains same when 


switch is opened) 
Total Energy = Energy in A + Energyin B 


3 1 5 | 
Total Energy = sev" il “cv? _ (ii) 


3 

TotalEnergyinitially CV" _ 3 

Totalenergy finally 5 cy2 5 
3 


Total energy of the system of three charges when the charge 


—gisatC 
=PE.+KE. 
_ Ace K@co ACR +4 @ 


Final energy of the system of three charges when — g is at D 


and momentarily at rest 
=PE.+K.E. 
-| Hea, Kq(-q) , Ka-9) fered 7, 
Vx? +37 ee +3? 


_ Kqxq , 2Kq(-9) (ii) 
6 Vx? +37 
By the principle of conservation of energy from (1) and (11), 
we get 
kqaxq , 2kq(-q) 4, _ kaxq , 2kg(-q) 


6 6 Year 


x7+9=81 «.x=8.48m 
Each mass will be in equilibrium under the act of three force 
namely tension of string, weight, resultant electrostatic force 
of the two other charges out of these three forces F and mg 
are perpendicular. 


Let T make an angle 9 with the vertical 


2 
OC= 5 ¥(0.03)" ~(0.015)* =0.0173 m 


OM= : 9997 
NOTE THIS STEP : Resolving Tin the direction of mg and 
Fand applying the condition of equilibrium, we get 


ZT cos 0 = meg; Tsin®@ =F 
F 
tan@ = —— ... (1) 
mg 


RS Fea eS ee + 2h oyFoRp cosa 
F= FEA oe + ORF xs 


kq? 
(CA) 


[where Fug = Force on C due to B 
Fo, = Force on C due to A 


|F ce |=| Fa | and a= 60° ] 


...(ii) 


Mise pete 0 
Boer OM 0.9997 


From (i), (ii) and (iii) 
0.0173 __V3x9x10" xq*_ 
0.9997 (0.03)? x10~3 x9.8 


On solving, we get g=3.16 x 10-°C. 
Time for the dipole to align along the direction of electric 
field will be 


a ML a ML 
= 2gE 2\2gE 


‘tees on Shell 4 =q,= 0 (4na7) = 
Charge on Shell B= q, = 0 (4nb7) 


... (iii) 


Charge on Shell C=q,= 06 (4nc’) 
The potential of shell A un C 
k k 
y= Ka , Kap Mc ~ 
a b C 
_ ko(4na’) i k(-o)(4nb*) , ko (4nc”) 
a b C 
1 4na”> 1 (4nd?) 1 (4nc*) 
= xO xX —-——_ 9 ———__ + ———_ X 0 —————— 
ANE, as AnEo b Ane c 
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k ae ae 
= Sta —b+c] Similarly, V,= kg E kag , 4c ¢ V(x) varies = in general. 
Eq 5 c 
ka, kqp k y 
and V= 224.4 Mae. , Hac ” 
C C C cis 
I 
2 a ee!) 
y= aeee wiki o) ease | 
| 
Given that V, =Vo } 
| 
a ee . 
Sta-en S| EAE] ; 
E E C 
° — : oe (c) Applying Energy Conservation 
or ac—bet+c 7 Sor NG: “OEE a 72 ‘ (KE. Be PE ceitre =(KLE. a FE) ccumferense 
10. (a) Let Pbeapoint in the X-Yplane with coordinates (x, y) 
at which the potential due to charges — 20 and + Q OK Qq 204 | 2 2 i x| 20 - =o 
placed at A and B respectively be zero. 2a 8a 2 6a 12a 
Y 
P(x, y) 


K l 
TMs R OW gs [KOq _ e4 
2 Aa 2ma 4néy \2ma 


11. (a) Letusconsidera shell of the thickness dx at a distance 


xX’ (-3a, Gi <0) C 50.0) x 90 x from the centre of a sphere 
(3a-x) pes : 
Fr a a 


K(2Q)__—_ KG) ( : 


\ 
— { \ 
(Garxr+er vGa—x ar | dx | 
( i] 
\ Ks 
> Wa—x?+y =/Bat+x?2+y fp # 


=> (x-—5a)+(y—-0) =(4ay WG gs - 
This is the equation of a circle with centre at (Sa, 0) and 


radius 4a. Thus C (5a, 0) is the centre of the circle. 4 3 4 3 
The vol. of the shell = ru (x+dxy - ri x 


(b) Forx>3a 
To find V (x) at any point on_X-axis, let us consider a point 
(arbitrary) M at a distance x from the origin. ae fe | (x+ dx) — 3] 
-20 +O 3 
(-3a,0) O (3a,0) M 3 
4 2) dx 
k¢—_——_ ae ae —] 
The potential at M will be 
K(-2Q) , K(+0) 4.3 ool 
= Ht — a 
Ee) x+3a  (x-3a) wagon Ane, 3 x 
V (x)=KO eae for |x |>3a 3 x 
_ Riek ee Let p be the charge per unit volume of the sphere 
Similarly, for 0<|x|<3a “. Charge of the shell = dg = 4nxpdx ...(i) 
9) Potential at the surface of the sphere of radius x 
¥(@)=Ko| 5 4 3 
; ; 1 Px > 1x q 

Since circle of zero potential cuts the x-axis at (a,0) and = a SV Sk— 
(9a,0) AnE x : 
Hence, V(x) =O atx=a, atx=9a .. Potential at the surface of the sphere of radius x = 
e From the above expressions 

V (x) > watx > 3aand V(x) >-«atx—> —3a ox? 


« V(x) >0asx>to 3£p 
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Work done in bringing the charge dg on the sphere of radius x 


x2 


2 

Ne) 

dw =P xdq => dW= >— x4nx’* pdx 
3&p 3 1) 

Therefore the work done in accumulating the charge O over 

a spherical volume of radius R meters 


R 
wy (RARE sar = _ Amp? RP 


40 3p 36) | 5 36) 5 
as 0 ks 307 
369 4/3nR3/ 5 20ne_R 


This is also the energy stored in the system. 
(b) The above energy calculated is 


307 3KO7 
E= es = g where K = 
5x (4€9)R SR ATEQ 


NOTE : In case of earth and gravitational pull, K may be 
replaced by G. Therefore the energy required to disassemble 
the planet earth against the gravitational pull amongst its 
constituent particle is the work required to make earth from 
its constituent particles. 


2 
M 
eee [ .- O is replaced by M] 
5R 
GM : 
But g= Bee => gMR= — 


K Gmm 
r= AR. Fe 1" 


ye 


E= = gMR = =x10x2.5x10" =1.5x10°7J 


(c) During the charging process, let at any instant the 
spherical conductor has a charge q on its surface. 


1 
The potential at the surface = ri xt 


TEg RK 
dq 
q "4 


Small amount of work done in 
increasing charge dg more on 
the surface will be 


x x dq 
4néy R 


Total amount of work done in bringing charge Q on the 
surface of spherical conductor. 


1 2 eee. g\}_ @ 
Ane gR 0 104 — Ante QR 2 0 (87&_R) 


(i) NOTE : The capacitor A with dielectric slab can be 
considered as two capacitors in parallel, one having dielectric 
slab and one not having dielectric slab. Each capacitor has 


A 
an area of —. 
2 
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The combined capacitance is 


e/ 


[423 AID] 


C=C. 4G, 
_ (A/2)E 9 | (A/2)&Q &, cad ae 
d d 2d 


— 0.4x8.85x1077 


2xB85xlo 6) 2 *IOF 
XO. x 


| y2—! ~9 2 
Energy stored = CV mar x2x 1077 x (110) 


=1.21x10°J 
(ii) Work done in removing the dielectric slab = (Energy 
stored in capacitor without dielectric) — (Energy stored in 
capacitor with dielectric). 
NOTE : While taking out the dielectric, the charge on the 
capacitor plate remains the same. 


2 2 
i ae: Al i -9 
W aC" -9C Here, C=2 107 F, 
Ag 0.04x8.85x107!4 
C'=— =, = 04x 10° F 
d 8.85 x10 
g=CV=2 10° x 110=2.2x10-7C 
2 04x10” 2x10’ 
=4.84x 10-5J 
Eq &,A 
(iii) The capacitance of B = an 
— 8.85x107!* x9 x 0.02 
885x104 
C,=1.8%10°F 


The charge on A, g,=2.2 x 10-’C gets distributed into two 
parts. 

q, +4, =2.2x107C 
also the potential difference across A = p.d. across B 


4 _ 2 

Cy Cp 
C; 0.4x10~ 

=> =. ——— SS 
a Cp 42 18x10 
0.22 g, +n =2.2« 107 


Gy = 9.22 g, 


° 


127 199 
=> g,=04«107C 


«1077 =18x107C 
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Total energy stored = —— 


_ 04x04 x10 1.81.8 x10" 
2x04x102 2x1.8x10° 
=0.2 x 10°+0.9 x 10°=1.1x 10° J 
13. Potential energy can be found at the initial point A and final 


point O. The difference in potential energy has to be 
provided by the K.E. of the charge at A. 


Potential difference between points O and P= V 
V =Vo—Vp 


or Ve= oe or V= : 


2€9 4éo 


469 
The kinetic energy of the charged particle is converted into 
its potential energy at O. 
Potential energy of charge (¢) = qV 
v 


Sena . l 
Kinetic energy of charged particle = 5 my 


For minimum speed of particle so that it does not return to P, 


Sie Sa oi ee a ell 
2 m m x 4€q 
or v= as 

2Egm 


14. Theadjacent figure is a case of parallel plate capacitor. The 
combined capacitance will be 
C=C) +C, 


: keo(x x1) " Eo[(1—x) x1) 
d d 


——! 


C= Ofhee+ 1-2] _@ 


15. 
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Differentiating the above quation w.r.t. time 


dC eel) 74) 
—] = —(k-1 
ae ag < 7 (k—I)v 
dx 
where v= ht 
wemmawinigeC = <7"— 
e know that g = ao 


From (111) and (iv) 
£0 
I=V—(k-1 
7 (kK —I)v 


— 500 x 8.85 x10! 


0.01 
= 4.425 x 10°? Amp. 


(11-1) 0.001 


Case (i) When no dielectric : 
Given c= 204 
iven 7 
Case (ii) When dielectric is filled : A small dotted element 
of thickness dx is considered as shown in the figure. 
The small capacitance of the dotted portion 
— = oe a where dC, = capacitance of capacitor 
dC dC, “aC, 
with dielectric K, 


dC, = capacitance of capacitor with dielectric K,. 

Let ¢,b the length and breadth of the capacitor plate. 
Therefore 0xb= 4A. 

K, (bdx) €o 


dC, = d' 


d'=d-x4=a)1-% 
¢ ( 


ac, = Kib(4x) 89 _ Kibl(dz) & _ Kid eo( dx) 
ali d(l—x) d(l—x) 
£ 
Ky &9(bdx) Ky» &obd 
Similarly, dC, = se Anes 


Ky&9bldx Ky &9Adx 
xd xd 
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1 d(l-x) i: xd 
dC 7 K, AEq (dx) K,A€q (dx) 


K 1 K 9) A Egdx _ 
Kyld+d(K, —K»>)x 
To find the capacitance of the whole capacitor, we integrate 
the above equation. 


e K, Ky A€pdx 
i 
0 Ky,ld+d(k, —K,)x 


= K,K,Ae, | ———=— 
tee se 0 Kyld+d(K, —K»>)x 


L 
= KK AE, eal + d(K, - “al 
d(K, — K9) 0 
K,K> Ag K 
d(K,—-Ky) ~ Ky 


16. (i) KEY CONCEPT : Use charge conservation to solve 
this problem. 
INITIALLY: 
Charge on capacitor A 
q4=3 x 10° x 100=3 x 104C a 
Charge on capacitor B = 
qp=2 x10 180=3.6x104C hur au 
FINALLY: q es) 


Let the charge on capacitor A, 100V 180V 
C and B be q,, q, and q, 
respectively. q, C(2uF) 


By charge conservation. 

The sum of charge on +ve plate 
of capacitor A and C should be 
equal to q, 

q, +q=3 10°C... () 
Similarly the sum of charge on 
—ve plates of capacitor C and 
B will be equal to gp 3 uF 2uF 
WG-93 =—-3.6 x 104C q, q; 
> qo+q3=3.6x10°C ©... (ii) 

Applying Kirchoff's law in the closed loop, we get 


=> 2q,-3q)+3q,=0 ....(I) 
On solving (1), (11) and (111), we get 
q,=90~* 10°C, go =210 x 10°C, 
and g,=150 x 10°C, 
(ii) Amount of electrostatic energy in the system initially 


] l 
U,;=U,+Up =5Ca (Vay +5Ce (Ve) 


1 1 
= 5x 3x 10° (100)? + 5x2 x 10 (180) 
=4.74 x 10°2J 
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Amount of electrostatic energy stored finally 
la 1g la 
{> + + 
10, 2Cy TC 
1(90x10-°)?_1(210x107°)?_ 1 (150x107) 
S$ =  ——_ $t¢ — —_— 
2 3x10° 2 2x10 2 2x10° 
, 1050x107)” 
2 2x10° 


17. Limiting value of energy as n > o. 
Let us calculate g,, when n tends to o. 


=1.8x107J 


a 
For GP., S, = (=A where 7, = common ratio 
= 


- d= _(08)’, | 
= 2C “Nr 2 x (4m) x (R) 


2 p2 2 
or U, _ ——— or U = — 
r-x2~x AmegR 2(4nE9 ) r 
18. (a) KEY CONCEPT: The K.E. ofthe particle, when it 
reaches the disc is zero. 
Given that a = radius of disc, o = surface charge density, 
g/m=4e,g/o 
Potential due to a charged disc at any axial point situated at 
a distance x from O 1s, 


V (x)= 36 1® +x? — x] 


o | 
Hence, V(H) = cra a” +H? —H] 
0 


IK g) 


oa 
and V(O) 26, 
NOTE : According to law of conservation of energy, 
loss of gravitational potential energy = gain in electric 
potential energy 

mgH = qAV 


=q(V(0O)-V ED] 


mgH=q x fa—-(J(@+H7)-HY] 
0 


From the given relation : oa = 2mg 
£0 


Putting this in equation (1), we get, 


mgH = 2mg [a —{y(a? +H?) —H}] 


4a 
o H=— 
3 


|. H= Os not valid] 
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(b) Total potential energy of the particle at height H 
U (x) = mgx + qV (x) 


=mgxt 5 Wa +x* —x) 
£0 


= mgx + 2mg [V(a? + x’) — x] ....(2) 
U4) = mgH +2mg| Va? + H? -H| 


= mg| 2 a’ +H’ -H | ...(3) 


For equilibrium : a =0 
dH 


Bo st a 
This gives : H= B oO ie = V3 mga 


From equation (2), graph between U(x) and x is as shown 
above. 


alJ3—-H=4a/3 
Let the particle at some instant be at a point P distant x from 
the origin. As shown in the figure, there are two forces of 
repulsion acting due to two charges of + 8 mC. The net force 
is 2F' cos a towards right. 

Similarly there are two forces of attraction due to two charges 
of — 1 mC. The net force due to these force is 2F" cos B 
towards left. 


The net force on charge 0.1 wC is zero when 
2F cos a= 2F' cos B 


K x8x10° x0.1x10° | x 
2 
(fo, 27) a 
ae =a) 2 
K x1x10° x0.1x10° | x 


zs a eT od 
e+ | 4s 


20. 


21. 
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sae f 
- 5 


This means that we need to move the charge from — © to 


5 
e . Thereafter the attractive forces will make the charge 


move to origin. 


Oo. 
The electric potential of the four charges at x = r 1s 


y= 2X 9X10" x8x10% _ 2x9x10" x10 


a. at 523 
i o£ 2 2 


8 | 
=2x9x10?x 10° 3-3 |-2.7<104v 


Kinetic energy is required to overcome the force of repulsion 


5 
fom tox= >. 


The work done in this process is W= g (V) 


5 
where V = p.d between © and x = i 
W=0.1 x 10° x 2.7 x 104*=2.7 x 1077 J 


| 
By energy conservation 5m Vie =2.7« 103 


=> 5x 6x10 Vj =2.7x10° 


=> Vo =3 m/s 
K.E. at the origin 
Potential at origin 
2x9x10? x8x107° 2x9x10? x10~° 
V._) = 
27 3 
2 2 
=2.4x 104 


Again by energy conservation 
K.E.=q iA: 7 ay 
2 


KE. =0.1 « 10° [2.7 x 104—2.4 x 104] 
=(0.1 x 10 x 0.3 x 104 
=3x1074J 


1 gq |-3. 3 | 
W...-) = APE = a ee 
extemal Ané, a l [> d 


17 48 ae 
Ans) a V6 


(a) Potential energy of the dipole-charge system 
U,=0 (since the charge is far away) 
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| Pp 
U-=- Ox fee [at a point (d, w) 


PQ 

ATE d 2 

(b) Electric field at origin due to dipole 
l 


Thus, force on charge Q is given by 
2pQ > 


F=QE= i 
4né qd? 


22. Electric field due to S,, E, = et 2 


23. 


&0 E, E 


02 —>E 
Electric field due to S,, EF, = oe 
0 


E=E,-E, 


= S172 (--6,>0) 
&0 


Work done by electric field 


K—d 


—_ a 
W= (qoE)acos45° =q)E x a5 


_ % (6) —0» )a 
/2 € 


LIQUID BUBBLE : The potential of the liquid bubble is V. 


1 
> p=——?t Pe ah 
AnNEg a 


W 


where gq 1s the charge on the liquid bubble. 


LIQUID DROPLET 
The volume of liquid droplet = Volume (of the liquid) 
in liquid bubble. 
a 3 4 ~ 3 
ae Saas oy a eee 
3 Tr 3 m(a+t) 3 Ta q 


o, P=2++3at+3a?-a 
or, r=3a7t 
(-,- £18 very small as compared to a) 


or, r=[3az]!? ... (11) 


NOTE : By charge conservation we can conclude that 
charge on liquid bubble is equal to charge on liquid droplet 
Let charge on liquid droplet is q. 
Potential on liquid droplet 
lg 


Vaeplee = Ane of 
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| AnEQV xa 
x —— 
ANE [3a7z]/3 


E 1/3 
or; V droplet a = 


F. Match the Following 


or, Vi, lee [From (i) and (11)] 


D . é 
The electric field at / due to the charges at the corners of 
regular hexagon is as shown 


Here | £, |=|#_|. The symmetry of the situation shows 
that F=0 at M. 

Therefore (A) is the correct option. 

The electric potential due to all the charges at M 1s zero. 
Therefore (B) is incorrect option. 

When the system of charges is rotated about line PM, the 
net current will be zero. 

Therefore the magnetic field at M/ is zero. 

(C) is the correct option. 

When magnetic field is zero, then np =0 

(D) is incorrect option. 


(q) P 


The electric field due to the inner most positive and negative 
charges at Mis E, =2 [ £ towards left. The electic field 
r 


due to the next positive and negative charges at M is 


E> -2)k Z 


—o towards right. The electric field due to 
(2r) 


the outermost positive and negative charges at M is 


b3 = aL md towards left. Clearly the vector sum of 
r 

these three electric field 1s not zero. 

(A) is incorrect option. 

The electric potential due to the charges at M 


r r 2r 2r 3r 3r 
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(B) is incorrect option. 

The net current due to the innermost positive and negative 
charges is zero. Similarly the net current due to other charges 
in pairs is zero. Therefore the magnetic field at M is zero. 
Also the magnetic moment Is zero. 
(C) is the correct option 

(D) is incorrect option. 

(r) 

The net electric field due to negative 
charges in the inner circle is zero. 
Similarly the net electric field due to 
positive charges in the outercircle is 
zero. 

(A) is the correct option. 

The electric potential due to negative charges at M is 
different from the electric potential due to positive charges 
at M. Therefore the electric potential at 1/ is not equal to 
Zero. 

(B) is the correct option. 

When the system of charges rotate, we get a current /, due 
to negative charges and another current / due to positive 
charges. The magnitude of the magnetic at M due to the 
currents 1s different. Therefore B + 0 and 1 #0. 

(C) is incorrect option 

(D) is the correct option. 


(s) 


The electric field at / due to all the charges is zero because 
the electric field due to different charges cancel out in pairs. 
(A) is the correct option. 

The potential at / due to the charges 1s 


i ree ae | ee 


4 
al2 a/2 35a 


V=k 


4 


(B) is the correct option. 

When the whole system is set into rotation with a constant 
angular velocity about the line PO we get three loops in 
which current is flowing. 

The magnetic field due to these currents produce a resultant 
magneic field at M which is not equal to zero. Therefore a 
net magnetic dipole moment will be produced. 

(C) is an incorrect option. 

(D) is correct option. 


P 
i: 
0 = an gk} 
Q 


There will be a net electric field due to the arrangement of 
charges at M towards the right side. 

(A) is an incorrect option. 

The electic potential at 14 will can out in pairs by positive 
and negative charges, due to symmetrical arrangement of 
charges. 

(B) is an incorrect option. 
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When the system of charges rotates about PQ, the net 

current is zero due to symmetrical arrangement of charges. 

Therefore B =0 and p=0 

(C) is the correct option. 

(D) is the incorrect option. 

18. (a) IfQ,, Q,,Q, and Q, are all positive, then the force will 

be along + y-direction. 
If Q,, Q, are positive and Q,, Q, are negative the force 
will act along + x-direction. 
If Q,, Q4 are positive and Q,, Q; are negative then 
attractive force will dominate repulsive force and the 
force will be along —y direction. 


G. Comprehension Based Questions 


When the point of observation is on the surface of 
sphere then the whole charge inside the sphere (when 
distributed symmetrically about the centre) behaves as 
a point charge on the centre. Therefore until the charge 
distribution is symmetrical about the centre it does not 
matter what is the ratio a/R. The electric field remains 
constant and is equal to 


lk 
4ne, R- 


xxXXXXKXXXX 
wxXxKXKXKXKKXKXXxX *X 
+ \KXXKXKXXXXF 
“XX KKK KF 
we x 
+ ae 


x 


x 


2. (b) Fora=0, the graph is as shown. The equation for the 
graph line is 


r 
=d-—dr 
eas 


p(t) 


O R r Fig (2) 


Fig (1) 


The charge in the dotted element shown in Fig (2) is 
dg= p x 4nr2dr 


d P R And 
Pe dq= (ay 4rr2dr > Ze = J 4ndr*dr — [Sr 
oO re) 


3 4 
3 R 4 

Le. _l a _ 3Ze 

 AndR? 3 4 12 mR? 


3. (c) Ifthe volume charge density is constant then E « r. 
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4. (ce) After colliding the top plate, the ball will gain negative kq ; 
charge and get repelled by the top plate and bounce ; kq 
back to the bottom plate. 2a f 
Q : 2 459 
3. (d) Ds es ...(1) aa _————- Q 
Here Q « Vp ._{ii) 
1 
Also S=ut+, at? 
h= . QE = * (2x0) xt? As the system of charges and planar film is in equlibrium, 
2m 2 mh therefore 
] 
tx— —-(il -QaeV 2 
Vo on) Qe ¥o £.. x constant = ya x constant 
From (i), (11) and (111) a 
V, 1/3 
Lax | =I ao Vo" oC] N=3 
av V, av 0 is y ws = 


3. 6  Wesuppose that the cavity is filled up by a positive as 


H. Assertion & Reason Type Questions well as negative volume charge of p. So the electric 


1. (a) Both the statements are true and statement-2 is the field now produced at P is the superposition of two 
correct explanation of statement-1 electric fields. 
(a) Theelectric field created due to the infinitely long 
l. Integer Value Correct Type solid cylinder is 


1. 2. Let us consider a spherical 
shell ofradius x and thickness 
dx. The volume of this shell 
is 4nx?(dx). The charge 
enclosed in this spherical 
shell is 


dq = (4nx*)dx x kx” 
dq = 4nkx?*“ dx. 


Fi = _ directed towards the + Y direction 
£0 
(b) The electric field created due to the spherical 
negative charge density 


oR 
| 2 rere directed towards the —Y direction. 
96€ 


The net electric field is 


Forr=R: E=E,-E = 2] eR 
The total charge enclosed in the sphere of radius R 1s 6 | 16€9 
f 2+a Re a Ae a ~~ cylinder 
O= | 4nkx dx = 4nk Y Se 
3+a- 7 \ 
0 ri ~ 
The electric field atr= Ris J \ 
_ 1 4nkR**? 2 1 4Ank pita : line charge } 
4n€9 (3+a)R? 4nméq 3+a ran 
For r= R/2: : e710 J 
The total charge enclosed in the sphere of radius R/2 is \ f 13a \. J 
x Ank(R/2)3*4 ere ee 
O'= | Ark x2t¢@ dy =A A) ~~ a/2 a/2_- 
3+a ee 
The electric field at r= R/2. ee 
e electric field at r = R/2 1s =.= FE 
3+ l+a ee v3a (2 V3 
— 1 4nk (R/2y"* 1 tk 3) ~  §=30° 
2 Ane 9 3+4 (R/2) ~ Ame 9 3ta\2 The flux through the dotted cylinder by Gauss’s law is 
aS q, AL 
GWE p= g ol cylinder = ae = = 
I+a 0 
1 4nk (4) _ = : 1 4nk pita Ni 
Ane (3+a)\2 2° 4n&y 3+a .. For 360° angle the flux is eo 
= |lt+a=3> a=2 0 
Zz 4D AL 
) 4 a .. For 60° angle the flux will be 6& 
Fes = 4 2 | xX | a = 
electric 59 Ee 2 |" 3 x constant Therefore n = 6 
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Bl Section-B 


WAB _y 227 
1. (a) Weknow that P =V"B-VA 


Zs 
20C 
The equivalent capacitance of n identical capacitors of 


capacitance C is equal to nC. Energy stored in this 
capacitor 


ry Vep—V4= = 0.1J/C=0.1V 


E= 5(nCyy? = =ncv? 


Both the charges are identical and placed symmetrically 
about ABCD. The flux crossing ABCD due to each 


l) 4 
charge is 7B | but in opposite directions. Therefore 


the resultant is zero. 
For equilibrium of charge Q 


For an isolated sphere, the capacitance is given by 


x1=1.1x1071°F 


1 
C=4naqur= 
0 9x10? 


The flux entering an enclosed surface is taken as 
negative and the flux leaving the surface is taken as 
positive, by convention. Therefore the net flux leaving 


the enclosed surface = o> — 
.”. the charge enclosed in the surface by Gauss’s law is 


q == (2 — 9) 
The capacitance ofa parallel plate capacitor in which a 
metal plate of thickness t is inserted is given by 

A A 
C=" Here 130 -.C=~2 

d-t od 

Electric potential due to charge Q placed at the centre 
of the spherical shell at point P is 

1 QO 1 2Q 


V,= = 
Ane, R/2 4ne, R 


q 
Electric potential due to charge q on the surface of the 
spherical shell at any point inside the shell is 
_/! 4 
Ane, R 


9 @ 
10. (b) 
ll. @ 
12. @ 
13. @ 
14. (b) 


.. The net electric potential at point P is 
2 l 
22 | q 


Ans, R 4s, R 


The work done is stored as the potential energy. The 
potential energy stored in a capacitor is given by 


Q? 1 (sx10-'8)" 


ag 
2C 2 100x10~° 


V =V,4+V> = 


pe = 32x1025 


Force on charge q, due tog, 1s Fy, =k——* AP 


1, 1% 
Force on charge q, due to q, 1s Fy, =k a 
The X - component of the force (F,) on 


gq, is Fyn + Fy3 sin 8 


a¢2 fie ne 


. Loa sin 8 
b* 


F,,cos0 y 
= n2R. 

Here n = 2 (length becomes twice) 
“ R=4R 

New reresistance = 400 of R. 

.. Increase = 300% 


O49c 
x 
x is distance between the spheres. After first operation 


Fe 


charge on B is halved 1.e . and charge on third sphere 


becomes - Now it is touched to C, charge then 


equally distributes them selves to make potential same, 


32 


hence charge on C becomes (o + 2) - ora 


O-Op _ (22) (2) _3Q° 
new ~~ ge 7 ee 
or Frew = oF 


k 
mv? = “4 5 FS ngayy? = WE pat 
r 2 r' 4 
Net field at A should be zero 
J2 Ey + E, = EB, 
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. kQx V2 kQ_ ik 19. ©) P 
a’ (/2 a)’ e) 
ps 


A-Q —Q 
OV2 OQ OQ fies : 
~_9q >qa==(2VN241 T sin 9 = gq w (1) 
Sing vie ced ed a ) EK 
15. (¢) At equilibrium, electric force on drop balances weight T cos0 = mg .... (ii) 
of drop. Dividing (i) by (ii), 
9.9x107!> x10 r 
E 3x10 - EgK.mg °F tan 0 
-K2q K8q ] 4 20. (c) Applying conservation of energy, 
16. @) + ot 0 = — (c) Applying By. 
(x-L)" x (x-L)" x 1 2m.s.AT 
Cr =m.sAT; V=.4{/—— 
1 2 2 C 
or =—>%x=2x-2L or x=2L 
x-L x 
17. (a) 21. (¢) 
d | The electric field will be different at the location of the 
V=V y two charges. Therefore the two forces will be unequal. 
A = "self + due to (2) This will result in a force as well as torque. 
| 
l_|q q V =—mv* 
= ee ee 22. (a) eV = mv 
ANEQ E rand 2 
—19 
V3 =Veeir + Vaue to (1) 2S he. 2eV = 2x1.6x10 x 20 
Vm 91x10?! 
Li =9 q 
—> = || SF 
VB Anéy | R [p2 —-| = 2.65x10° m/s 
23. (c) After connection, V, = V, 
AV =V,-Vp QO +Q, +Q, 
=k «2 
-Qlit teh i, 2 
Anég |R RJ p24 9? [p2 4. 4? a 0 
Hh OF 
_l|@a 4 eae 
2néy|R dra The ratio of electric fields 
18. (b) Asnplates are joined, it means (m—1) capacitor jorned K a ; 
in parallel. Ey eee a pies 
.. resultant capacitance = (n—-1)C Ey p~Q wr ® 
2 
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7 27. (a) The potential energy of a charged capacitor before 
Ay xn ky % 2 
E wrxn Em 4 1 Q° 
2. A 2 4 removing the dielectric slatis U = =. 
Since the distance between the spheres is large as 2c 


compared to their diameters, the induced effects may The potential energy of the capacitor when the 


dielectric slat is first removed and the reinserted 1n the 


be ignored. 
24. (c) Y 2 
gap between the plates is U = - 
A(V2,V2) There is no change in potential energy, therefore work 
done is zero. 


28. (b) Electronic charge does not depend on acceleration due 


GP_3481 


O X 
(0,0) 77 BC.) 


The distance of point A (V2 FP) from the origin, 


to gravity as it is a universal constant. 
So, electronic charge on earth 

= electronic charge on moon 

., Required ratio= 1. 


_ d/3 2/3 
OA=|n |= V(W2)? +2) = V4 =2 units. reihk & 


The distance of point B(2, 0) from the origin, 


K 
29. (c) C, C, 
OB= |r |= V2)? +(0) =2 units. Af 
Now, potential at A, V,= ZZ The given capacitance is equal to two capacitances 
An & (OA) 
connected in series where 
. Q keg 4 3&4 3x3QA IGA 
Potential at B, V,= — Ga eel ae ead | lame 
B An & (OB) 13 d d d 
-. Potential difference between the points A and B is and 
Zero. 
kyo&,>A 3kp&9A4 3x6E,A4 YQ A 
25. (a) As shown in the figure, the resultant electric fields C, a ee 


2d /3 2d 2d d 
The equivalent capacitance Ca 1S 


before and after interchanging the charges will have 
the same magnitude, but opposite directions. 


Also, the potential will be same in both cases as it is a 1 1 1 d d 2d 
: ——— = — 4H Ft SS 
scalar quantity. Coo CG Cr VHA YQA VQA 
9 @A 9 


30. (a) Theelectric field inside a thin spherical shell ofradius 
R has charge QO spread uniformly over its surface is 
Zero. 


26. (a) Here, Uix)= volt 
x~ —4 
dV = d( 20 E> ras 
We know that EF = ——— = —-— r 
dx ax x2 ail 
or, A= + —- 
(x~ — 4) 
Atx=4um, Outside the shell the electric fieldis EF = rZ . These 
A) x 4 160 ‘ 


_ ee 42 olen 


— ee a ; characteristics are represented by graph (a). 


Positive sign indicates that & is in +ve x-direction. 


Electrostatico — $$$ i *”"n p-S-171 
Electric field at O due to dq is 


W 
PQ 
31. (c) ao dea-—>_ 4 __1_ 4 


> Wo =4q (Vo —Vp) The component dEcos@ will be counter balanced by 
=(- 100 x 1.6 x 107!9) (4-10) another element on left portion. Hence resultant field at O is 
=+2.24 x 10-!6J the resultant of the component dE sin® only. 
32. (d) Let F’be the force between Q and Q. The force between 
g and QO should be attractive for net force on Q to be . b= | dE sin 9 = f —_t —sin 0d0 
zero. Let F'' be the force between Q and q . For gAn'r® Ep 
equilibrium Q - oy" 
—7 9 LOS Py = +1+1 
J2 F'=- Ane = o= re a 7 ) 
Og Q* 4 _— 
V2 x kao = “Cop ~ On*r? Eo 
The direction of £ is towards negative y-axis. 
=> £ = -22 q . E=- 3h j 
q Qn? r? €0 
33. (a) Statement 1 1s true. F 


Statement 2 is true and is the correct explanation of (1) 36. (a) Let us consider a spherical shell of radius x and 


thickness dx. 
34. (b) Charge on this shell 
yx 2 
dq = 0.4nx*dx = Po (F-= | 4m dx 
.. Total charge in the spherical region from centre to r 
(r<R)is 
Let us consider a spherical shell of thickness dx and 
radius x. The volume of this spherical shell = 4nr7dr . 
The charge enclosed within shell 
Sd 
Qr 2 
= eres dr | 
The charge enclosed in a sphere of radius 7, is 
41 
12 4Q/r_| _Q 4 
~ Rt 4) Rt! 
0 
ke 4 
o ie electric field at point p inside the sphere at a _ Anpy > E sits Pes rp 3 3 or 
distance r, from the centre of the sphere is 43 R4] “T° (3° R 
St] Electric field at r, E 2 
4 -, Electric fieldatr, FE = — 
E-= 1 LR = £ AT 2 
AT E, 1? 4T&q R 
35. (c) Letusconsider a differential element d/. charge on this = ee a =o -(3- r). foe Por (5 ) 
element. Ante&y r 3 R 4Aéey\3 R 
g 37. (d) At any instant 
dq = (4) dl T cos0 = mg ...(1) 
Tsin0=F, ...{i) 
= = -(rd0) (--dl = rd®) sind F, 
=> cos mg = F,=mg tan 0 


= (£)a0 dE sin0 


o—_————  — )sESOlopic-wise Solved Papers - PHYSICS 


ee 
= — =mgtan0 => q?«x? tan0 
x 


Oe x 
sin = > 
For small 0, sin 0 ~ tan 0 6 gex 


dq dt 
dt dt 


> | 


dq _ 
7. const. 


 g@exty > eax y [-- gq? «x>] 
=> yar 


Electric field 
do ; 
E SS ee 
ir 2ar (I) 


By Gauss's theorem 


_/ 4 : 
= Ane, aC ....{11) 
From (1) and (i), 
q=-8 né a 
=> dq=-24ne,ar* dr 


dq 
aaa i 
Charge density, pen 


Ein me 

| ac Coe 
out 2 

The electric field inside a uniformly charged sphere 1s 


pr 
3 1) 
The electric potential inside a uniformly charged sphere 


2 > 

mae paee 

6 & 6 € 
qpR° 


C, C, 
41. (b) — -— — -— 
120V 200 V 


120 C, =200C, E C= 2| 


Vv 
— 3C, — SC) 
42. (a) >F,..=2F cosd 
2ma($) 
Fret -—_,. + 
| ya] ye hae 
q 
2iq( 2) 4 kq*y 
net ~ (2 +a2)3/? ss 
So, Fay 
43. d@) <—— L ——_><——_- L ———> 
7S Gia YW, a1, 
A_. dx 
—$<$_$_$_—_——_—> 


Electric potential is given by, 


zs (= 24 = 7 In(2) 
TE 
7 - 4mEg Xx 0 
44. (c) Potential difference between any two points in an 
electric field 1s given by, 
dV=- FE dx 
V4 2 
[ av =-[ 30x? dx 
Vo 0 


V4—Vo =-{10x? 6 =-807/C 
Electric field in presence of dielectric between the two 
plates of a parallel plate capacitor is given by, 


45. (a) 


Then, charge density 
o=Ké,k 
=2.2 x 8.85 x 10-17 x3 x 104 = 6 x 10-7 Chm? 


Q, Mw 


Q,  2uF 
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From fi Q, = aoe 20 3 uF 
—-— a 
Cx3 9uF 
— E| —— H 
E = ni 
2uF 
2( 3CE 
ae >( _ 2CE By By 
2 3\C+3) C+3 
Therefore graph d correctly dipicts. Curseneage ( 12 ) 28 wae hie 
4+12 
Charge 
; _ 4 7 
The voltage across Cp is Vp= 4a12 x8 =2v 
.. Voltage across 9u1F is also2V 
.. Charge on 9uF capacitor = 9 x 2=18uC 
.. Total charge on 4 uF and 9uF = 42 uc 
K 42x10° 
AB HPS 29x 199 x Oe capone 
r 30 x 30 
47. (ab) Weknow, Vo = ~ = Vsurface 50. (©) Applying Gauss's law 
Kq De ad E. ds = 2 
Now, V,= hae —1*) [Forr<R] ps Eq 
At the centre of sphare r = 0. Here 5 , 
_ pocdgrde Qt 4Tar? — 4a” 
vaeq, . Tm = 
2 
5 K K 
Now, aaa =—1 BR? 1’) oe 
dv Gaussiam 
R Q=pAnr? surface 
R, ns 
B — 
= ee = Dita 
3.Kq_ Ka i alll 
4R R 
2 
1Kq_Kq ee 6 ae 
4R ; AT Ep r 
R,=4R For E to be independent of 'r' 
Also, R, =0andR, <(R,—R;) Q-2nAa*=0 
48. (c) Field lines originate perpendicular from positive charge Q 
and terminate perpendicular at negative charge. Further - A= ee 
Ta 


this system can be treated as an electric dipole. 


A 
B 
C 


IS 


[= 


m= 1 Ia 


. Y 


20 
F 

(d) 
(a) 


- (d) 
- (a) 
. (c) 


(b, d) 
(a, b, d) 
52 


9. 
2. 


R/2 
F 


(b) 
(c) 


- (a) 
- (a) 
. 


(c) 
(b) 
0.2% 


Current Elec tricity 


Section-A : JEE Advanced/ IIT-JEE 


3. 0 

3. T 

3. (a) 4. (b) 5. (Cc) 6. (d) 

10. (b) 11. (c) 12. (a) 

15. (a) 16. (a) 17. (b) 18. (c) 

22. (a) 23. (b) 24. (b) 25. (a) 

29. (c) 30. (c) 31. (b) 32. (c) 

3. (d) 4. (a,b,d) 5. (a, d) 6. (a,b,c, d) 
10. (c,d) 11. (a,b,c,d) 

3. 2Q A. Vgp= 25 VV 2-79 


Positive to negative terminal, 2.5 V 
(i) 2V,1A,0A,1A (i) 1A,2A, 1A;2A 8. 0.9A 


22.5V 


2 21 
@ 73° GY 


-R 


a 


Vv 
13 


10. 8x107*J 1. @i15A =6112._ 15A,1.44x10°J 


. (a) Ene HRC); (0) o-oo HRC, TF 15. (a) No (b) 8 


2R 6R 
. Battery connected across A and B. Output across A and C or B and C. 
_ CVR, aR +R, 
— R+R)’ — CRR, 
A> s;B>q;C>p,q;D >4q,r 
(a) 2.  (b) 
(d) 
4 Z.. 2 2.2 4. 5 5: I 
Section-B : JEE Main/ AIEEE 
(c) 2. (b) 3. (b) 4, (b) 5.  (b) 6. (Cc) 
(a) 9. (c) 10. (d) 11. (b) 12. (c) 13. (a) 
(b) 16. (c) 17. (a) 18. (a) 19. (d) 20. (c) 
(b) 23. (a) 24. (c) 25. (a) 26. (a) 27. (c) 
(d) 30. (d) 31. (d) 32. (d) 33. (b) 34. (b) 
(c) 37. (a) 38. (d) 39. (b) 40. (a) 41. (c) 
(c) 44, (d) 45. (a) 46. (c) 47. (d) 48. (d) 
(c) 50. (b) 51. (a) 52. (a) 


13. 


(b) 


- (b) 
26. 
33. 


(c) 
(c) 
(b,d) 


6.67V 


(d) 


- (C) 
- (db) 
- (b) 
- (bd) 
- (c) 
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- S-Tot fo] D7 JEE G@dvanced/ liT-JEE 


A. Fill in the Blanks 


y2 200 R 
We know that P= Rp 


Resistance is less in case of 7, and more in 7). 
NOTE : For a metallic wire, resistance increases with 
temperature, therefore 7, > T, 


C. MCQs with ONE Correct Answer 


2 
pit SII 556 1 @ R,=Ry(lt+at,) > 1=Rp[1 + 0.00125 x 27] 
P 500 200V R,=Rjy(+at,) > 2=Rp[1+ 0.00125 xt] 
NOTE : For the bulb to deliver 500 W, it should have a p.d. On solving we get 
of 100 V across it. This would be possible only when T, = 854°C = 1127K _— 
R=20Q isin series with the bulb because in that caseboth 2 (b) KEY CONCEPT : The heat produced is given by 
resistances will share equal p.d. y2 Bee, Hea? ae 
The given circuit may be redrawn as shown in the figure. H = a and R= a = wa 
Thus, the resistances 2R, 2R and R are in parallel. (2) - 
mV Vr 
Hence, ee eee or coat ar 
R4gp 2R 2R R_ R p je 
2R Thus heat (4) is doubled if both length (2) and radius 
(r) are doubled. 
: : I oa, oc = V or 
dD C 3. (a) Jax oe Pa 
4. (b) Since R4,=2Rcp therefore, current in AB will be half 
. R as compared to current in CD. 
ence, =— 
one as - Py _(i/2)"4 1 ne 
Let a current I flow through the circuit. Net emf of the circuit ee 8 : 5 P4= = 2 cal/s 
=8(5V)=40V akg 
: ee _ Here P, = Power dissipation in 4Q 
Net resistance in the circuit = 8 (0.2 Q) =1.6Q 2 eee eco 
C (lowing throushhecicuit P, = Power dissipation in 5Q 
Peat rar metas 5. (ce) BCand AC are in series 
7 40V _ asa “ Rpcy= 30+ 30= 600 
1.60 Now BA and DC are in parallel. 
The voltmeter reading would be 1 1 1. 90 
V=E-IR =(5V)-(25A) (0.2.Q) Reg 30 60 30x60 
=5V-5V=0 
Reyg= 202; V=IR 
B. True/ False a) 
a ae => I= —=0.1 Amp. 
NOTE : An electrolyte solution is formed by mixing an 20 a . 
electrolyte in a solvent. The electrolyte on dissolution © | (@) Copperisametal whereas Germanium is Semi-conductor. 
furnishes ions. The preferred movement of ions under the NOTE : Resistance ene decreases and 
influence of electric field is responsible for electric current. SEI CORO U ONIN aoes Wien Cee eae WN Dearne: 
7. (b) The equivalent circuits are shown in the figure. 


NOTE : Billions of electrons in a conductor are free and 
have thermal velocities. The electrons have motion in random 
directions even in the absence of potential difference. 

For a given voltage, current is more in case of T). 

Since, V=IR 


—_>- 


A 
R R 2R 
E |40 R 
—_—> 2R 4R 
R 4R 


E 4Q Balanced 
Wheat stone 
Bridge 
The circuit represents balanced Wheatstone Bridge. 
Hence 6R Q resistance is ineffective 


R 2R sp 
40 
E 
p40 


P-S-176 
8 (a) 
9 (c) 
. 
10. () 
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| 1 1 


Roy 3R 6R? 


For Max. Power 
External Resistance = Internal Resistance 
2R=4Q0 «. R=20 
Since the opening or 
closing the switch does not 
affect the current through G, 
it means that in both the 
cases there is no current 
passing through S. Thus 
potential at A is equal to 
potential at B and it is the 
case of — balanced 
wheatstone bridge.. 


I = Ig and Ip=Ig 


— GR)6R) _ 
1 — (3R)+(6R) 


There will be no current flowing 1n branch BE in steady 
condition. 

Let J be the current flowing in the loop ABCDEFA. 
Applying Kirchoff's law in the loop moving in 
anticlockwise direction starting from C. 
+2V—I(2R)—I(R)-V=0 

V=3IR 

I= V/3R (1) 

Applying Kirchoff's lawin the circuit ABEFA we get on 
moving in anticlockwise direction starting from B 


A 


C 


+ ius oe — IR —V=0 (where Lous is the p.d. across 
capacitor). 

V V 
Peap 1% * sa) aes 
Let R be the resistance of wire. 


$< | 


V V V 
Energy released in ¢ second = Gy xt 
- Ve os 
ov? 


mcAT= ae xt (-. But O=mcAT) ... (1) 


11. 


12. 


13. 


Let R' be the resistance of the second wire 
|@$ 23 


V V ntimes /y 
=> R'=2R (-." length is twice) 
2 
Energy released in t-seconds = ee xt 
Also QO'= m'cAT= (2m) CAT 
27472 
N°V : 
= xt pies 
2mcAT OR (11) 
Dividing (1) by (11) 
mcAT _ 9V? xt/R 1 9x2 
2mcAT Nn?y?4/2R “? 2 N?2 
N7=18x2 ». N=6 


Or, 


(c) 


(a) 


(d) 


Since current I is independent of Re, it follows that the 
resistance R,, R,, R, and R, must form the balanced 
Wheatstone bridge... R, R,= R,R, 

The circuit is symmetrical about the axis POQ. 

The circuit above the axis POQ represents balanced 
wheatstone bride. Hence the central resistance 2R is 
ineffective. Similarly in the lower part (below the axis 
POQ) the central resistance 2R 1s ineffective. 

2R 2R 


2R 2R 2R 2R 
Therefore the equivalent circuit is drawn. 


Lot _rtrt2r 
Rpg 4R 4R 2r 4Rr 
Pee 2Rr 
PQ Ror 


2 


V 
KEY CONCEPT : R= 7 
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y2 
and W3 = = Power dissipation, aa - p(7 =0.677R 
3 
ay ew — (250)* (250)? Ry (250) 
W,.W,.W,= 220 et: cena Sy 7, 
R3  (R,+ Ry)? (Ry + Ry)? I RB 
or W,:W,:W, 
(250) een (250)* ; ve (250)° V7 
nn ) ” 60 2 Power dissipation, P, = /7(R/3) =0.33/7R 
e in 7 y4 ota v* x 1000 : ; 
100 60 100 60 
or W,:W,:W, 
100x100 x 60 x 60 100 x 100 x 60 x 60 RD 
160 x 160 x 60 160 x 160 x 100 
=64:25:15 
14. (a) In ohm's law, we check V = JR where / is the current Power dissipation, P, = P a 5 R) = =1.5PR 


flowing through a resistor and V is the potential 
difference across that resistor. Only option (a) fits the 
above criteria. 

NOTE : Remember that ammeter is connected in series 
with resistance and voltmeter parallel with the net 
resistance. 


At null point 
Ry ce Xx 
R> Ry ~ 100 =X, 


If radius of the wire is doubled, then the resistance of 
AC will change and also the resistance of CB will 


: R R 
change. But since — does not change so, — should 
Ry R, 


also not change at null point. Therefore the point C 
does not change. 


16. (a) 
Hi<0<IV<1. 
PW aa AAA So 
I R R R [  —3R 
Power dissipation, P, = I?QR)=3/7R 
R R 
= PIV 
I [  -2R 
3 
R 


17. 


18. 


19. 


20. 


21. 


Total external resistance will be the total resistance of 
whole length of box. It should be connected between A 
and D. 

For various combinations equivalent resistance 1s 
maximum between P and Q. 


KEY CONCEPT : The current in RC circuit is given by 
[= Ip e/RC 


(b) 


(c) 
(b) 


t —f 
or ZInl = Inly- Da or Jnl = RC + InIo 


t 40) 
+1 ( 
— ro "UR 
On comparing with y=mx+C 
I 
Intercept = /n e and slope =— —- 
R RC 


When R is changed to 2R then slope increases and 
current becomes less. New graph 1s Q. 


(a) Thecurrent in 2Q resistor will be zero because it is not 
a part of any closed loop. 
SQ 
10Q 
29 


KEY CONCEPT : At any instant of time ¢ during 
charging process, the transient current in the circuit is 
given by 

Vo ,-t/RC 

R 

Potential difference across resistor R is 


Vo -+/RC 
Vp = "e xR 


= Ve RC (1) 
Potential diff. across C 
Le = Vo _ he ss Vo (1- e YRC) 


i= 


(ii) 
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23. 


24. 


(b) 


(b) 


(a) 


(b) 


(c) 


(d) 
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V. =3 Vr (given) 


Vo (1 Sa = 3Vy.et/ RC 
= eY/RC = 3 e/RC > ]= 4e-U/RC 


Taking log on both sides 
t 
log, 1 = 2log,2 + (——) 


t 
0=2 x 2.303 1 2-— 
0810 RC 


t= [2 x 2.303 log), 2] x 2.5 x 10°x 4x 10° 

= 13.86 sec. 

KEY CONCEPT: 

I,G=(I-1,)S 

Here, J, = 100 x 10° 4; G=1009; S=0.12 


G ) “(0 
oe ag A006 ee 
y 1, (+ ‘ 01 


= 100 x 10 x 1000.1 = 100.01 mA 

The heat supplied under these conditions is the change 
in internal energy 

O=AU 

The heat supplied O = i27RT 

=1x1x 1005 x 60=30,000J=30kJ 

A 2r B 


C 
1 
—— ji2— 


—_ //2 


t 
p 2 
VaB _!aBRap _ Rap =x} _* 
Vac 4 eckec Rec = p—, 4 
2[xr* | 


[4p =e, Wire is of same material | 
Therefore option (a) is incorrect. 


rd 
—_ 
Pg _I°Rec _ nx4r?7]_ 1 
= oa a 
Pup I R yp p 5 4 
2[ ar* | 
P 4p = 4P 3c; Therefore (b) is correct. 
i. 
2 
Jap mxA4r _ Zs Therefore (c) is incorrect. 
Jpo _/4 4 
mxr? 
7 
E Ci 2 | = 
FAB LBL —; Therefore (d) is incorrect. 
ERC VBC a 
£/2 


25. (a) Given_X is greater than 2Q when the bridge is balanced 
RX 
¢ 100-2 
R=20 xX x R=20 
ial I+ 80-1 
| 
Switch | | 
Case (1) 
or, l0OOR-Rl= LX or, 200-20 = LX 
fe 200 
ot X+2 
When the resistances are interchanged the jockey shifts 
20 cm. Therefore 
(+20 80-2 
80.X-— (X =2l +40 
or, 80X= 0(X+2)+40 
200 ) 
— | ——|(X +2)+40 
or, 80X ( Ya ( ) 
_ 240 _ 49 
o 80 
26. (c) The total charge enclosed in the dotted portion when 
the switch S is open is zero. When the switch 1s closed 
and steady state is reached, the current / coming from 
the battery is 
Potential difference across 3Q resistance = 3V and 
potential difference across 6Q resistance = 6V 
p.d. across 3 uF capacitor = 3V 
and p.d. across 6 uF capacitor = 6V 
Charge on 3 pFcapacitor QO, =3 x 3=9yC 
Charge on 6 pF capacitor O, = 6 x 6= 36 uC 
The total charge enclosed in the dotted portion = 
Charge passing the switch = 36 —-9= 27 uC 
y2 
27. (ce) Weknowthat P= ae 


For constant value of potential difference (V) we have 


Pied. 
R 
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Current Electricity 
Case (1) 


This is a case of balanced Wheatstone bridge R, = 10 
Case (ii) 


a! the equivalent resistance (R,) will be less than 


30. 


31. ©) 
a (ili) 
1Q 10 
= 20 2 
102 1Q 
10 10 
Thus R3 = 2Q 
Since, R,< R, <R, 
Py? P\>P3 
y2 
28. @) Weknowthat P= a 
For a given potential difference at a particular 
temperature 
; 32. (ce) 
Pax— 
R 
It is given that the powers of the bulbs are in the order 
100W > 60 W> 40W 
l I l 
>— >» — 
Rion = Ren Ra 
29. (c) The following points should be considered while making 
the circuit : 
(i) An ammeter is made by connecting a low resistance R, 
in parallel with the galvanometer G,. 
R, 
(1) A voltmeter is made by connecting a high resistance R, 
in series with the galvanometer G,. 
. 33. (c) 


—G)}—-~o— 
(iit) Voltmeter is connected in parallel with the test resistor 
R 
T 
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(iv) Ammeter is connected in series with the test resistor 


Rr 


(v) A variable voltage source Vis connected in series with 


the test resistor Rr. 
l 


(c) We know that R= p— 
a 


Where / is the length of 
the conductor through 
which the current flows 
and a 1s the area of cross 
section. 

Here /=Landa=L*xt 


_ ol _p 
Lxt t 
.. Ris independent of L 


At Null point 


xX 


10Q 


B 


A 
— 52 cm —<—_ 48 cm ——— 


X10 
ht 
Here ¢, =52+End correction = 52+ 1=53 cm 


xX 


C, =48 + End correction = 48 +2 =50cm 


In case of a meter bridge 
R_ 


j Here X= 90 Q, /= 40.0 cm 


he 100-/ 
Xl 


100-1 
For finding the value of R 


For finding the value of AR 
AR Al A(100—/) 
RI 100-1 

AR 0.1 O01 
"60 40 60 
.. AR =0.250 


Therefore, R = (60+0.25)Q 
I ad /dR 
a 2mrl 


dr _t 
ey, o 2nrl 


dr 


(ii) 
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. dV=-Edr= x ay i 
a rE ... (ill) 


ow wee 8 we owe ow oom wre oe wom we wwe ee oe oe eee 
woos = a: see. 
. » ? 
. 
’ 


From (1), (11), and (ii) 


| AKdr = o2arl Ke) 
= x = ... (iv) 
2mrfL2rxer dr 2neEr 
i ae —hr dp x Oot _ hol 
i dR 2ner dr € ae W) 
Here negative sign signifies that the current is 
decreasing 
d(q) d(Al) dar 
I SS SS SS es f —s 
But Ai Ai io (vi) 
From (v) and (vi) 
pdh__dol _ dh_-o 
dt E nH Ef 
On integrating 
t 
ah 8 | d 
xy * <9 
gee =a 
*, 108¢ i ~~ Mage & 
Substituting this value in (iv) we get 
oO 
= OXg oo 
2ner 


D. MCQ's with ONE or MORE THAN ONE Correct 
(b,d) KEY CONCEPT : During decay of charge in R.C. 


circuit, 

[= fee ke 

C, C 
_ 40 

where I) = RC | 
V V 

When t=0,/=/,= 40 

~~ "0 RC 


Since potential difference between the plates is same initially 
therefore / 1s same in both the cases at t = 0 and 1s equal to 


2. 
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a _V 
“ROR (R is same for C, and C,) 
Also, g = qge © 
When g = 2 then a =Gpien = 
or eT YRC=2 =>. t=RClog,2 -. tC. 
th C l 
Tet ===05 
ty Cy 2 


Therefore time taken for the first capacitor (1 uF) for 

discharging 50% of initial charge will be less. 

(c) NOTE: The conductivity ofa semiconductor increases 
with increase in temperature 1.e. the resistivity decreases 
with increase in temperature. 

In a conducting solid, the collisions become more 
frequent with increase of temperature. 

(d) The net resistance of the circuit is 9Q as shown in the 


following figures. 
30 20 20 30 20 
80 80 — 80 


20 20 20 20 20 
3Q 3Q 20 
ey 20 20, 
3Q 


20 
Eee Og 
R 9Q 


The flow of current in the circuit is as follows. 


lampere 30 0.5A 
9V 
1A 20 
Q 
8Q 8Q 
20 20 20 20 20 


NOTE : The current divides into two equal parts if passes 
through two equal resistances in parallel. 

Thus current through 4Q resistor is 0.25 A. 

(a,b,d) At OK an insulator does not permit any current to 
flow through it. Option (a) is correct. 

At 0K a semiconductor behaves as an insulator. Option (b) 
is correct. 

In reverse biasing at 300 K, a very small current. 
flows through a p-n junction diode. Option (d) is correct. 
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In case of metal, the current flowing will be very-veryhigh 6. 


because a metal becomes super conductor at OK. Option (c) 
is incorrect 


3.  (a,d) 


R _R xR, 6xl5 9 
P Ry +R, 86415 = 7.5 
T= = ey ake 
ca 24 
7.5 


= option (a) is correct. 
The potential difference accros R, = potential 
difference accros R, 


= (7.5mA) ea) =9V 


= option (b) is incorrect. 


(15)? 
Now. Power eisslpaton across Rj : 
Power dissipation across R, (9) : 
6 
_ 15x15 . © 933 
2 9x9 
=> option (c) is incorrect. 
The magnitude of power dissipated accross R, is 
(9° 
1.5 
Now when R, and R, are interchanged the equivalent 
; 2x15 3 
resistance between R, and R; = SS 
24+1.5 3.5 
6kQ 
5 8. 
om 
Potential drop across this equivalent resistance 
2 
2s 35 ohn oheay 
24 
=— +6 
3.5 


2 1 9? 
.. Potential difference accros R; = Ts = a ie 


.. The magnitude of the power dissipation in R,; will 
decrease by a factor 9 if R, and R, are interchanged. 
(d) is the correct option. 


(a, b, c,d) 

The given circuit is an extension of wheatstone bridge, 
therefore points P and Q are at the same potential and point 
S and T are also at the same potential. Therefore no current 
passes through PQ and ST and the circuit reduces to as 
shown 


~~ 


6 


12V 


=3A 


1,= 3 |- 2A 
6+12 


As P and Q are equipotential and potential at S is less 
than the potential at P (potential drops across a 
resistance as current passes through it), therefore Vo< 


Vo: 
v2 
,d) H=—x4 Al 
(b, d) = (1) 
where R= 
md 


When resistances are connected in series 


Aol R R 
Total resistance = R, + R, = | “| = 2x re = S 
T 


2 
xt il 
R/2 2 (1) 


From (1) and (ii) t, = 2 min. Therefore (b) is correct. 
When resistance are connected in parallel 


RR, Rp _R/4_R 


. H= 


Total resistance = R,+R>  2R 9) 8 
2 
aS H = KT iad ul 
R/8 7 " 


From (i) and (ii) t, =0.5 min 
.”. (d) 1s correct 


(a, b, d) 
Applying KVL in MNOPQAM oO 2 
V, -iR; + V> -iR3 =0 | 
-_ W+Vp wee ml 
R, +R3  @) 
Applying KVL in NOPQN e 
Hv - Vy 
vy, —1R,; =0 «1 as ... (11) 
Vi VitV, ™ r 
From (1) & (11) R, = R,+R3 


10. 


11. 


R = 
total Rro +Ryj 
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VR, + VR; =V,Ry + V5R, 
=> V,R,=V,R 
IfV, =V, then R, =R,=R, -.. (a) is correct option. 
IfV, =V, then R, =R, =2R,.. (b) is correct option. 
(R, can have any value as there is no current flowing 
through d) 
IfV, =2V, then 2R,=R, .. (c) is incorrect option. 
If2V,=V, then R, =2R, =R, -. (d) is correct option. 
x 7 50x10 
2.) Ry,= eNO OE =F x10 
Fe 4x10 


7 D4) XL 4) _2.7x107* x50x10~ 2.750 


iS ge ae «10° 


A4j (49-—4)x10° 45 


=(0.3 x 104 


Rrex Ry 12.5x10* x 0.3x10~ 


~) 29uQ 
12.8x107 


(c, d) 

With the use of filament and the evaporation involved, the 
filament will become thinner thereby decreasing the area of 
cross-section and increasing the resistance. Therefore the 
filament will consume less power towards the end of life. 
As the evaporation is non-uniform, the area of cross-section 
will be different at different cross-section. Therefore 
temperature distribution will be non-uniform. The filament 
will break at the point where the temperature is maximum. 


1 
When the filament temperature is higher G n & ) , It emits 


light of lower wavelength or higher band of frequencies. 
(a, b, c, d) 

At t=0, Capacitors act as short circuit and voltmeter display 
—Sv 

At t = «, Capacitor acts as open circuit and no current 
flows through voltmeter (°. very high resistance of 
voltmeter) 

so it display +5V. (a) is the correct option 


q;= 2CV (1-6 7c ), i, =—e 2R 
R 
oe) A era 
= V (1 =€¢ = — 2CR 
q> C 2 1, OR € 
2C R 
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(b) is the correct option 
| oe 
At t= lsec, i= — Jvisive 
e 


. (c) is the correct option 

After a long time no current flows since both capcitor 
and voltmeter do not allow current to flow. 

(d) is the correct option. 


E. Subjective Problems 


The resistance of the heater is 


_V* _100x100_ 9, 
 ~?P 100 


The power on which it operates 1s 62.5 W 


V= VRxP'= 10x 62.5 = V625 = 25 


Since the voltage drop across the heater is 25V hence 
voltage drop across 10Q resistor is (100 —25) =75V. 


This current divides into two parts. Let J, be the current 
that passes through the heater. Therefore 


25=I1, x 10 
[,=2.5A 
Thus current through R is 5A. 
4 - fiwaall 
100 V 
Applying Ohm's law across R, we get 
25=5%xR 
=> R=50 
id 
_R, ae 
£100 = —-— x 100 
1 o— 
A; 
Eb ee 
f i 
=—_-+_—— x 100 , 
ei: ... (I) 
A 


Let the initial length of the wire be 100 cm, then the new 


0.1 
+ — x100 
length is 100 100 x 


L= 100.1 cm (11) 
Let A, and A,be the initial and final area of cross-section. 
Then 

100 x4,= 100.1 Ay 


100 
ae APF 6g 1 


From (i), (ii) and (iii) 


... (ill) 
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(100.1)* 100 


Rr-R; 
a aid x 100 = 1004, AL x 100 
R, al 
A; 
2°. 2 
_ Le a _ 200.1x0.1 0, 
(100) 100 x 100 
=0.2 % 
Thus the resistance increases by 0.2%. 
Alternatively for small change riya + = 
R A 
30 a6 585 
3, 39 —_— 30 Woe 
=e => 
' 6a 90 Lem 79° Js, 330 
@) 30 ie) \ 
IOP LA BO YF. 
— a0 = x = 
\ SQ 30. Zin 


4. Applying Kirchof?'s law in loop AOBRC 
~4_14,100=0 
6 2 
=> g=150uC 
ee 150 
Potential difference between AB = Se = 25V 
Potential difference between BC 


=100-25=75V 
3 uF luF 3 uF 1 uF 
3 uF Lak =" 3 uF luF 
1 uF 
l uF 
10Q 102 
it I|1| 
202 100 20 Q 100 V 


5. NOTE: The current will flow from the positive terminal to 
the negative terminal inside the battery. 
During charging the potential difference 

VeE+Ir =2+5x01=2.5V 

6. Potential difference across the 400 Q resistance = 30 V. 
Therefore, potential difference across the 300 Q resistance 
= 60 -30V=30 V. Let R be the resistance of the voltmeter. 
As the voltmeter is in the parallel with the 400 Q resistance, 
their combined resistance is 


_ 400R 
(400+ R) 
As the potential difference of 60 Vis equally shared between 


the 300 Q and 400 Q resistance. R' should be equal to 300 Q. 
Thus 


' 


400R 
(400+ R) 
which gives R = 1200Q, is the resistance of the voltmeter. 
When the voltmeter is connected across the 300Q resistance, 
their combined resistance 1s 
300R 300 x 1200 
(300+R) (300+1200) 
”. Total resistance in the ciruit = 400 + 240 = 640 W 
*. Current in the circuit is 


6 3 
— 640 32 
Voltmeter reading 


= Potential difference across 240 Q resistance 


= cs x 240 = 22.5V 
32 


300 = 


Ay fy #3 
_LE/r R fh bh 
® Vaa-—7-"7 14 


(ul) 


Applying Kirchoff's law in PORUP starting from P moving 
clockwise 

fr, -£,+ £,=9 or 1,-3+2=0 
or J,=lamp 
Applying Kirchoff's law in URSTU starting from U moving 
clockwise 

— E£,+ £,-I,r,=0 
or —2+1-J/,=0 
or J/,=—1amp 
NOTE : The — ve sign of /, indicates that the direction of 
current in branch UTSR is opposite to that assumed. 
Applying Kirchoff's law in AURBA starting from A moving 
clockwise. 

U,+1,+1,)R-E,=0 or (1+4,-1)R=2 
or /,=2amp 
Current through Ris J, + 1,+1,=2A 
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NOTE : Nocurrent flows through capacitor at steady state. 


8. (RL ap a =120 Moving the loop along MNO to P 
eqAB 2.43 — 
Vy—-9 Xi, -1* 1, -2 in =Vp 
Total current through the battery 1 Vy —Vp=6iy + 2iy =6% 342% 1=20V 
6 3 . V=6x3+2x1=20V 

= nae =15A ,, i 5 x15=0.94 Energy stored in the capacitor 

9. Let /, current flow through the branch DCB oe ae 
By Kirchoff's junction law, current in branch DB will be = 5 CV“ = 5 * 4x 10x 20 x 20 =8 x 10-4J 


I, — I, as shown in the figure. 
a ? 11. (@)  Letthe effective resistance between points C and D be 


R then the circuit can be redrawn as shown 
The effective resistance between A and B is 


ee 2xR 
eq  R+2 
1Q 1Q 
A. 12 C¢ _ J 10 
B - B 
Applying Kirchoff's law in loop BDAB This resistance R eq can be taken as R because if we add one 
+2(b-1,)+1+1x1,-2+2h=0 identical item to infinite items then the result will almost be 
=> 21,-5,=-1 ...(i) the same. 
Applying Kirchoff's law in loop BCDB, we get xR 


ee ee | i) 
ly? R+2+2R=R2+2R = R2-R-2=0 


Solving (1) and (11), we get J, = 6/13 amp > 
=> R*-2R+R-2=0 

and /,= — amp => R(R-2)+1(R-2)=0 
| 13 > [R+1][R-2]=0 > R=22. 
(i) Tofind the p.d. between B and D, we move from B to D ; 

5 66 9) Gi) Ryp=1QQ+1Q=20 .. J,,= ==3 Amp. 

B 5-5 ]x2=% “. Vg—Bp= — volt oe ee” 
13 13 13 Further, ian = icp as resistances Rap = Rog 
7 “ Iep=icp=l5A 
(ii) p.d. across G= jy 3= scams: = cae volt 
13 13 13 12. 


[ -. the cell is in discharging mode] 
d H=1+1 a l 
— xa Fo 
p.d. across BL volt 
[ . cell is in charging mode] 
10. Applying Kirchof?'s first law at junction M, we get the current 


i, =3A 
Applying Kirchoff's law in ABFGA 
6—(i, +i,)4=0 ... (I) 
Applying Kirchoff's law in BCDEFB 
i, x 3-3-2+2i, + (i, +i,)4=0 ...@) 
Putting the value of 4 (i, + i,) = 6 in (11) 
3in —5 + 21, +6 =0 
l 
Substituting this value in (1), we get 
Applying Kirchof?'s first law at junction P, we get current 1 
i,=1A -1s-(-4}=174 
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13. 


14. 


Therefore current in R, 
=i big LAO 2154 

To find the p.d. across the capacitor 
V,-2-0.2x2=Ve 
Ve-VGg=24V 

or V=24V 


l 
Energy stored in capacitor = 5 cy? 


1 
= 5x 10° x (2.4)*=1.44x 10° J 


We can redraw the circuit as. 


10V 
The equivalent resistance between G and D is 


— 400x400 | 
GD 400+400 — 


Roe _ Rep 
Rgp pp 

It is a case of balanced wheatstone bridge. 
The equivalent resistance across G and B is 


20022 


Since, 


300 x 300 
= —— = 150Q 
“eB 300+ 300 
C t= ae ear 
oan an Can ae 
NOTE: Since Rogg=Repp the current is divided at G into 
I I 
two equal parts (2) . The current 5 further divides into 
two equal parts at M. 
Therefore the potential difference across the voltmeter 
I 1 400 20 
ri i ri 3 Volt = 6.67 V 


Let at any time ¢ charge on capacitor C be Q. Let currents are 
as shown in fig. Since charge Q will increase with time 'f' 


therefore 7 i= aE 


15. 


16. 
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(a) Applying Kirchoff's second law in the loop MNABM 
V=(i-i,)R+iR 

or V=2iR—-i,R ... (i) 

Similarly, applying Kirchoff's second law in loop MNSTM, 

we have 


V=i,R+ E sik (ii) 


Eliminating 1 from equation (1) and (2), we get 


p, 2Q . 20 
V=3i,Rt+ Cc or 3i,R= Uae 
l 2 
or = {rv -72) or 40 _1fy_22) 
3R C dt 3R C 
dQ dit [2 dQ tdt 
Or ———$#—— = — or eee (ees 
( = 4 3R 0 ( 2) 03R 
V —-— y —--= 
G C 
CV 
This equation gives Q = cae (1 — @ 2#3RC) 
dQ 
b) i= — 
(b) Ly dt 
, = BE emi3ne) 
dt} 2 
OV 2 ee3arc _ ¥ .-2i3rc 
2 3RC 3R 
From equation (1) 
Ve _24/3RC 
2R 2R 
Current through AB 
V7 4 V 97 2t/3RC 
peed, 23s - BRE 
) = Ly = OR rd 
— VV o-2ti3rc 
2 2R 6R 


V 
Ly = pg 


(a) No. There are no positive and negative terminals on 
the galvanometer. 

NOTE : Whenever there is no current, the pointer of the 
galvanometer is at zero. The pointer swings on both side of 
zero depending on the direction of current. 


Rad R 12Q 
(b)-.: Bridge is balanced —44 = wee = 
R JB 0.4 Pp xX 
> x=80 
where p is the resistance per unit length. 


Battery should be connected across A and B. Output can be 
taken across the terminals A and C or B and C. 
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ae C F. Match the Following 
v 1 A-->s 
A R B Reason : Bimetallic strip is based on thermal expansion of 
! solids. 
ssiicariciaiatans  eclaaaanaais Bod 
17. Forthe experimental verification of Ohm's law, ammeter and Steam engine is based on energy conversion. 
voltmeter should be connected as shown in the figure. C> p,q 
A voltmeter is a high resistance galvanometer (10°Q) which Incandescent lamp is based on energy conversion and 
is connected in parallel with the main resistance of 100Q. radiation from a hot body. 
An ammeter is a low resistance galvanometer (10-°Q) which D>o@gr 
is connected in parallel with the main resistance. Electric fuse is based on melting point of the fuse material 
ae cmmetar which is turn depends on the heating effect of current. 
G. Comprehension Based Questions 
1. (a) From the given graph it is clear that with increase of 
Voltmeter the magnitude of magnetic field (B), the critical 
Vie temperature 7, (B) decreases. 
18. KEY CONEPT : Atall null points the wheatstone bridge will Given B, > B,. Therefore for B,, the temperature at 
be balanced which the resistance becomes zero should be less. The 
AL R above statement 1s true for graph (a). 
mi 2 2. (b) We know that as B increases, T,. decreases but the 
i exact dependence is not known. 
=> X= a Given at B= 0, T-= 100K 
where R is a constant and at B= 7.57, 7. =75K 
r, and r, are variable. .. AtB=5T, T¢ should be between 75 K and 100 K. 
The maximum fractional 
error is H. Assertion & Reason Type Questions 
AX A 7 A r R=R, R=R, R=R;, . . : 
mecca raacs Gar ena 5 1. () When the temperature of metal increases; its resistance 
x | 9) increases. 
Here, Ar, = Ar, = y (say) then Therefore statement - 2 is correct. 
AX 
For —> tobe minimum r, x ry should be max . . 
X (Unknown resistance) (Standard resistance) 
[°. 7) +r, = (constt.)] 
Let E = ry x ) N P| 
=> E=r,x(r,-c) 
dE 
Ps —c)+r,=0 
¢ ase _ - 
=> R, gives the most accurate value. 
19. Given Q=Q,[1-e¢™] 


Here Qy = Maximum charge and 
l l 


Ve CRe q 
Now the maximum charge 


a= 


Q=C [Yo] where V, = max potential difference across C 


Ry + Ro 


and T =C Reg 


R 
~c| “2 Se 
Ry, + Ry 


For a meter bridge when null point N is obtained we get 


X S 


¢ 100-2 

When the unknown resistance is put inside an 
enclosure, maintained at a high temperature, then XY 
increases. To maintain the ratio of null point ¢ should 
also increase. But if we want to keep the null point at 
the initial position (1.e., if we want no change in the 
value of £) there to maintain the ratio, S should be 
increased. 

Therefore statement - 1 1s false. 


GP_3481 


Current Electricity P-S-187 


Il. Integer Value Correct Type 


—3-2i-i+6=0 


“ 31=3 j 
Cells connected in series . 
1 4 “. i= 1 Amp 
R R 


20 i 
3yv 


Now let us travel in the circuit from A to B through battery 
of 6V, we get 
V,—-6+1x1=V, 
“ Va — Vp = 5 volt. 
(I-I,\_  y 


S=—-R 


I Ig 


1.5-0.006 28 30 ogo 


0.006 249 0.006 


5. 1 The equivalent resistance of balanced wheatstone 
bridge is 
2 3x6 
J,=P?R= E xR a 3a6 
pa re 
Given J, =2.25 J, “ 
.——> Balanced 
2 2 heatstone 
E whea 
Say: = 2.25———_.R I bridge 
(2r+R) (R+ fr. y 
y) 6.5V 
4 =, 229 
" (r+RyY : 
ro (aad 
The equivalent resistance of balanced wheat stone 

4 R+05P =2.25[2+RP [er = 10] bridge 1s 

+ 2(R+0.5)=1.5(2+R) ye OG 

‘q 24 2 


. R=40 
2. 2  Theequivalent circuit is shown in the figure. 
R= 1MQ, C=4uF 
1MQ Auk 7 
‘———> Balanced 
wheatstone 
bridge 


10V 
.. The time constant t = RC =4 sec 
The potential across 4uF capacitor at any time ‘t’ 1s given as 


= a => t=2sec 
Pateieds 4=10L1-e4 


3. 3 
Let i be the current flowing in the circuit. Apply Kirchhoff’s 


law in the loop we get 


P-S-188 
1. (ce) 
2. (b) 
3. (b) 
4. ©) 
Ss ©) 
6. (c) 
7 @ 
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KEY CONCEPT : To convert a galvanometer into a 
voltmeter we connect a high resistance in series with 
the galvanometer. 

The same procedure needs to be done if ammeter is to 
be used as a voltmeter. 


R 


2 
Case 1: eae 
R 


V 


Case 2 : The wire is cut into two equal pieces. Therefore 


Se eee , R 
the resistance of the individual wire is > . These are 


connected in parallel 
— RIA 
gp oR2LR POL 
"eq 2 4 . 
V V 
2 (v2) 
ent adit on 
R/4 R 


When current is passed through a spring then current 
flows parallel in the adjacent turns. 

NOTE : When two wires are placed parallel to each 
other and current flows in the same direction, the wires 
attract each other. 

Similarly here the various turns attract each other and 
the spring will compress. 


2xR 
The equivalent resistance is R, a >aR 
2 
.. Power dissipation P = 
eq 
15x15 15 3 
“ 150= Reg “Ra= 199 


2R 3 44 R=643R = R=60 
2+R 2 


According to Faraday's first law of electrolysis 
m=Zlt>m « It 
= 0; +96 
2 
From the principle of potentiometer, V o / 


8 


V=emfof battery, E = emf of standard cell. 


10. 


11. 


12. 


(a) 


(c) 


(d) 


(b) 


(c) 


Section-B 


L=length of potentiometer wire 


Ae) 
L100 


| NOTE In this arrangement, the internal resistance 
of the battery E does not play any role as current 1s not 
passing through the battery. 

Let @ be the smallest temperature difference that can 
be detected by the thermocouple, then 

Ix R=(25 x 10) 9 

where I is the smallest current which can be detected 
by the galvanometer of resistance R. 

~, 10° x 40=25 x 10-° x9 

. § =16°C. 

According to Faraday’s first law of electrolysis 
m= Zxq 


For same q, ma Z 


Mcy _ Zou 


m7, Zp 
31.5 


Zcu 
xM7, =——x0.13=0.126 
Z7n i 32.5 : 


ix G=(i-i,)S 


=> Mcy = 


_igxG_ 1x08] 
Il, 


3+6 9 


. V=IR 


3Q 30 
30 


30 

2 
Viated _ (220)° 
P 1000 


rated 
When this bulb is connected to 110 volt mains supply 
we get 


We know that R = 
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2 Bs 
| 
y* _ (110) aaa 000 _ s<ow 
R (220) 4 


P= 


6 
hence R,, = 3/2; cacy. 
14. (c) RR, 

S=R,+R, and pam. 

R, + Ry 

RR 
S =nP > R+R, =) 
(Ri + Ry) 


Ri + Rx + RRy 


2 
> (R, +R>)° =nR,Ry > 1n= 
(R, + Ry)” =nR, Ry > 1 RRs 


R, R 
eee eae Ee) 
Ry 
Arithmetic mean > Geometric mean 
Minimum value of n is 4 


15. (b) 


LR, =i,R, (same potential difference) 


; 2 
a cy ae ees Be esc 
Wn RK fy a a ee ans) 


i) 
16. (c) In the first case a = 20 = i 
Y 80 4 
In the second case 4x = ae => /=50 
Y 100-2 


17. (a) Thermistors are usually made of metaloxides with high 
temperature coefficient of resistivity. 


18. 


19. 


20. 


21. 


22. 


(a) 


(d) 


(c) 


(b) 


(b) 


23. (a) 


24. 


(c) 
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AQ =mCx AT 
=1 x 4180 x (40-10) =4180 x 30 
( .. AO = heat supplied in time t for heating 1L water 
from 10°C to 40°C) 
4180 x 30 


AO =836xt >= t=—=] 
also AQ a 50s 


Neutral temperature is the temperature of a hot junction 
at which E is maximum. 
caer or a+2b0=0 > 0 =—=-350 

d0 2b 
Neutral temperature can never be negative hence no 6 
is possible. 
The mass liberated m, electrochemical equivalent ofa 
metal Z, are related as 
m= Zit 


=> m=33x1077 x3x2 =19.8x107’ kg 


L 1 


(attractive as current is in the same direction) 


ai 
R 


H 


R 
Resistance of half the coil = ei 


.. As R reduces to half, ‘H’ will be doubled. 


500Q Zero 


iR=2= 12-5001. i=— 
50 


| 


2. == xR =2 
50 
“R=10092 
KEY CONCEPT : Resistance of Galvanometer, 
C ee 
_ urrent ry “6 10 50 
Voltage sensitivity 2 


l 
Here 1 a= Full scale deflection current = — =15mA 


V = voltage to be measured = 150 volts 
(such that each division reads 1 volt) 
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150 


es 
~ R+R,+R> 
Potential difference across second cell = V = ¢— IR, =0 


2€ 
© R+R,)+Ry 
R+R,+R,-2R>) = 0 
R+R,-R,=0 
Mass deposited 


R =0 


. R= R> —-R, 


Z, 4 
m=Lq => ZaeiZ> a2 
q 


Also 7=% +42 .... (ii) 


From equations (1) and (iii), g> = 


The internal resistance of the cell, 


- (t)-f2\  »_ 240-120, ae 
[ C5 ) 120 


ee ANNO 
nD 100 


E 
R+r 


E 
zero, [= R = constant. 


(i 
Zn ) 


ae g 4 (Dividing (ii) by q ) 


_... (iii) 


30. @d) NOTE: Kirchhof?'s first law is based on conservation 
of charge and Kirchhoff's second law is based on 
conservation of energy. 


31. @) p,=2p, 
dp=2d, 
t £ 
a PB YB _ Pata 
By Ap A, 
fp Pa, ae Pa Ada, 
“ 7 2. a 
ly Pp d A 2p 4 d A 
32. (d) At cold junction, current flows from Antimony to 
Bismuth (because current flows from metal occurring 
later in the series to metal occurring earlier in the 
thermoelectric series). 
33. (b) The network of resistors is a balanced wheatstone 
bridge. The equivalent circuit is 
102 200 
302 
102 
= 15Q = 
5Q , 100 
5V 5V 5V 
22D Vif = OS A 
| 15430 R10 
34. (b) R,=R,[1+a~x 100] =100 (1) 
R,=Ry)[1+a~xT]=200 ...(2) 
On dividing we get 
200. 1+0T fe 1+ 0.0057 : 
100 141000. [1000005 
NOTE : We mayusethis expression as an approximation 
because the difference in the answers is appreciable. 
For accurate results one should use R = Rew! 
P R 
35. (b) —==— where Ges le 
O S S; oF S> 
2 2 
2 
36. (c) Theresistance of the bulbis R= a = Oz, 
P 100 
The power consumed when operated at 110 V is 
110) 1 
_ 10)? 100 _ as y 
(220) /100 4 
37. (a) Required ratio 


_ Energy stored in capacitor 4 


~ Workdone by the battery ~~ ¢2 


where C = Capacitance of capacitor 
V = Potential difference, 
e = emf of battery 
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z —101 
1&2 1 From (i) and (11) 114 + 2-| | = 0 
2 —=5 (. Ve) 
Ce . 1 
38. () KEYCONCEPT: Weknow that >= 3, Atrom P, to P, 
R,=R (+ at), 5 
where R , is the resistance of the wire at ¢ °C, 43. (c) Initial energy of capacitor, Ey = ie 
R, is the resistance of the wire at 0°C 5 
and a is the temperature coefficient of resistance. | | gP ( a ) 
=> R,=R, (1+ 50a) ..(i) Final energy of capacitor, E, = 5H = 4C = v2 
Rog = Ry (1 + 1000 ) ... (i) ; IC 
From (1), R59 — Ro = 50 aR - (ill) ., 4 =time for the charge toreduce to V2 of its initial value 
From (11), Ry gq— Ry = 100 aRg ... (IV) 
Dividing (111) by (iv), we get and ¢ = time for the charge to reduce to 4 of its 
Rsgp-—Ry _ 1 initial value 
Rioo Ro 2 We have, gy =q,et/CR 
Here, R.,= 5Q and R,,,= 6Q 1 = 
a a = ec ee in 7) == (1) 
. S— Ro _ I q\ CR fD CR 
any d nf ) <2 2 
or, 6—R,=10-2R, or, R= 4Q. ae \ 4) CR ms 
39. (b) According to the condition of balancing 1 1 
In () in 3 
55 R t | 9 | 
= => R=2200 By(1) and (2), 1 =\v4/=>—A4 = 
20 80 t in) 2in{ =) 
40. (a) Letj be the current density. 4 2 
yf = as 
Then jx2nr? =I > j=— - E=pj=—5, 44. (d) R= Ro[l+ajAr]; Ry = Roll +apAz] 
oe - In Series, R = R, + Ry 
oo fae je a 
at+b ath 2 = Ro [2+ (a, +a2)At] = 2Ro 1+ 5 Jas 
__ pl +) _ pl pe OQ, +Q4 
2nl rji4, 2na 2n (a+b) “, Geq =~ 
On applying superposition as mentioned we get 
1 1 1 
_ 1 _ pl pl InParallel, [=> *> = T 
ECHO NRG a agony 7 RR Ry Ro[l+oyAt] Ro[1+a.Ar] 
i18 Betis La _ — 
- (c s shown above = Eph go en aan cee ee ae 
2nr* Rosa, at) Rod +orAt) Ry(l+a,Ar) 
42. (c) Applying kirchoff's loop law in AB P,P,A we get 2 “4 
—2i+35-107,=0 _..... (i) 5 
= a : Pe ee pels 
: ; P. ft op 2(1 Ogg At) =(l—a,At)(l-a,Ar) - Qeg = 5 


45. (a) Resistance of wire 


SV: R = pe = ple = 
: : ha (where A/= C) 
Fractional change in resistance 
ee ees oe | AR Al 
Again applying kirchoff's loop law in P, CDP, P, we ee 2 


1 = 2 —j+j7.=—()---- (i1) , Sears 
get, 10%, i+i,=0 Resistance will increase by 0.2% 
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46. (c) Thecurrentupto which bulb of marked 25W -220V, will Voltage across bulb after heater 1s switched on, 
W, 25 48 
t fuse I, = 47 = 55, “S™P V, =—x120 = 106.66 volt 
no se 1 V; 220 y) 54 x vO 
_ W, 100 Hence decrease in voltage 
Similarly, L= VY, ~ 990 se V, —V,=117.073— 106.66 = 10.04 Volt (approximately) 


The current flowing through the circuit 48. (d) Statements I is false and Statement II is true 


IgG 
I-Ig 


Therefore for I to increase, S should decrease, So 
additional S can be connected across it. 


For ammeter, shunt resistance, S = 


49. (c) Total power consumed by electrical appliances in the 
building, P44 = 2500W 


440V 
Watt = Volt x ampere 
es ee => 2500=Vx!I 
“Ry ee = 2500=2201 
2500 
2 2 2 2 => f=———=11.36 =12A 
Re ae : = , Rp ove = 220) 220 
‘ 7 (Minimum capacity of main fuse) 
(ee = Vai aiet ep 
= roo 50. = IR = (neAv,)p— 
(220)? | (220) (y99)? ae | Y) ae 
25 100 25 100 y 
40 PX V. Ine 
l=> Amp Baa! 
220 Here V = potential difference 
|= length of wire 
2 4 100 ’ 
i, ¢ mA <I (= aA < Ip ¢ m4 n=no. of electrons per unit volume of conductor. 
220 220 200 


e= no. of electrons 
Placing the value of above parameters we get resistivity 


5 
0S 
8x 1078 x1.6x10!? x2.5x107 x0.1 
=16x10°Qm 
47. @d 51. (a) FromKVL 
~6+3I,+1(-L)=0 
6V p 20 L, 


120 V 
Power of bulb = 60 W (given) ov 
V2 
Resistance of bulb = peunee = 240Q E P= al 
60 30 9 AQ 
Power of heater = 240W (given) 6=31,+1,-L, 
Resistance of heater = 120x120 — 600 41, —1,=6 (1) 
240 —9+ 21,-(1,-1,)+31L=0 
Voltage across bulb before heater is switched on, —I,+61,=9 (2) 
540 On solving (1) and (2) 
V, aye ee volt I, =0.13A 


Direction Q to P, since I, > I,. 


GP_3481 


Current Electricity 


Alternatively 
6V OV 
30 SO 

E, E 
ris” 
Y 
1 1 
paarss + ee, 
jf 

3 
8 


I= ~ 93 =0.13A 
es 23 =0.1° 


8 


Considering potential at Pas OV and at 


Q as x volt, then 
x-6 x-O x+9 
+ + =() 
3 1 5 
2. 
‘33 
_ x-0 2, 30 
1 1 23 =0.13A 
From Q to P 
P P 
. T 
Metal (for limited Samiconductor 


range of temperature) p=, & 
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LC) 


[> 


IA Ie 


IS 


[= 


mS Ia I 


Section-A : JEE Advanced/ IIT-JEE 


i? I}1 1 
D,B », ee 3. 1.25x 10-3 Am? Be eae 
An 4;R, Ro 
IIB; +Z direction 6. evB; ABCD 
T Ze A, a FE 4. F 
(c) 2. (d) 3. (a) 4. (d) 5. (a) 6. (Cc) 
(c) 9. (Cc) 10. (d) 11. (b) 12. (c) 13. (b) 
(d) 16. (b) 17. (b) 18. (a) 19. (b) 20. (a) 
(a) 23. (b) 24. (d) 
(a) 2.  (a,b,d) 3. (Cc) 4. (b) 5. (c) 6.  (a,b,d) 
(b) 9. (a,c) 10. (a) 11. (d) 12. (c,d) 13. (a,c) 
(b, d) 16. (b,d) 17. (c,d) 18. (a,c) 19. (a,d) 20. (a,b,c) 
25.98N 3. 0.1T, Directed perpendicular to the plane of paper inwards. 
(i) 0.1414 m, 45° (ii) 4.71 x 10° sec. 
0.012m, 0.044m 6. (i) 3A, upward direction (ii) 1.3 x 10° T (iii) 28.8 x 10-7 N 
10~ tesla; directed towards the reader perpendicular to the plane of paper. 
(i) 4A. (ii) r= 1m where ris the distance from R 
O.1l pol i 
(a) O.1T HolQv directed 30° with the negative X-axis (b) zero, 0.614 Bla j 
ma 
i e+e 
F= ree loge —— | directed toward —Z direction, zero. 
T 
4.737 x 103 T 12. 0.2 sec. 
he- 
7) M= ran (ii ds — ~~ directed perpendicular to the plane containing 4 and B . 
 .  - |Mo IlpL?Bh > IpB _ 7m. 
ae = —_,/-0 0 <a? L= 
ORO Tam OO (|-1) ©) 16. (a) L= > (b) “Vols 
ca) ( “Hot Pom" Hotol) § (b) F =2BIRi, F) =2BIRi, 4BIRi 
(a) 6.54 x ee (b) 0, Force on arc AC=0, 8.1 x 10-°N 
DTp l 2N. a NABn 
=—, 20. -F 21. AB 
= Fo 2 (a) k= NAB (bt) = — © QI 
A-p; B-q, s; C-q,s;D-q,1,s 2. A-q; B-r,s; C-s; D-p, q,r 3. A-q,r; B-p; C-q, r; D-q, s 
(d) 2. (d) 3.  (b) 4. (c) 5.  (b) 6. (a,d) 
(Cc) 
7 2. 6 3. 5 4, 3 
Section-B : JEE Main/ AIEEE 
(a) 2. (a) 3. (c) 4. (a) 5. (b) 6. (a) 
(a) 9. (d) 10. (a) 11. (b) 12. (b) 13. (c) 
(b) 16. (b) 17. (d) 18. (c) 19. (d) 20. (b) 
(b) 23. (a) 24. (d) 25. (d) 26. (b) 27. (b) 
(c) 30. (b) 31. (a) 32. (a) 33. (a) 34. (d) 
(b) 37. (b) 38. (b) 39. (c) 40. (d) 41. (a) 


7. 


Moving Charges and Magnetism 


(b) 


~ (a) 
- (c) 


(b,c) 


. (a,c, d) 
~ (a,c) 


(a,c) 
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Section-A 


A. Fill in the Blanks 


According to Fleming's left hand rule, the force on electrons 
will be towards right (D). 

Also, by the same rule we find that the force on proton and 
a-particle is towards left. Now since the magnetic force will 
behave as centripetal force, therefore 


2 
m=qvB 
mv _ m 
me or ro — 
q q 


For proton roc - =1; Fora-particle r - =2 


radius will be more for a-particle 
a-particle will take path B. 
—_—_—_——_- | —> 


Wire of length LZ is bent in the form of a circle. Then the 
perimeter of the circle 


L 
2rr=L > r= — 
2n 


2 2 
; L L 
Area of the circle = mr2 = ~~ = — 
An 4n 


Magnetic moment of a loop in which current i flows is given 


ms 
An 
16 
j-1-N_X x 1.6 x 10719=1.6x 10-3 A. 
M=ix A=ix nr 
=1.6x 10-3 x 3.14x 0.5 x 10719 x 0.5 x 10719 
= 1.25 x 10°23 Am? 
peer Oe 
_ ‘ 
l \ 
) 
Fd 


-~ 
ee 


The magnetic field at C due to current in PQ and RS'is zero. 
Magnetic field due to current in semi-circular arc QAR 


_i)4of 
212k 
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directed towards reader perpendicular to the plane of paper. 


I B 


I A 


5 KR QP 


Magnetic field due to current in semi-circular arc 


1) of 
SBP= >| 9B 


directed away from reader perpendicular to the plane of 
paper. 


_l}Ho Z|} tbo L 
Net Magnetic field = | 5 a | D Z| 


(directed towards the reader perpendicular to plane of paper). 


oe) a 
We may assume current to be flowing in segment EB in 
both directions. 


Net force on the loop EDCBE will be zero. Also force due to 
segment FE and BA will be zero. Force due to segment EB 


F =I[Lix Bj] = ILBk 


F= g(v x B) = (-e) (—vi x Bj) = evBk 
NOTE : The direction of flow of electrons is opposite to 
that of current. 

B. True/ False 


A current carrying coil is a magnetic dipole. The net force 
on a magnetic dipole placed in uniform magnetic field is 
Zero. 

NOTE : The magnetic force acts in a direction perpendicular 
to the direction of velocity and hence it cannot change the 
speed of the charged particle. 


— l 
Therefore, the kinetic energy (- Lav?] does not change. 


The velocity component v, will be responsible in moving 
the charged particle in a circle. 


The velocity component v, will be responsible in moving 
the charged particle in horizontal direction. Therefore the 
charged particle will travel in a helical path. 


P-S-196 
4, 


When a charged particle passes through a uniform magnetic 
field perpendicular to the direction of motion, a force acts 
on the particle perpendicular to the velocity. This force acts 
as a centripetal force 


2 
oes qvB 
r 
2 
‘= 2mK week = 
Jim 
roc— 


F [for const. K.E. and B] 


Here, g is same for electron and proton 


roam 


Radius of proton will be more. 
C. MCQs with ONE Correct Answer 


(c) Themagnetic field is perpendicular to the plane ofthe 
paper. Let us consider two diametrically opposite 
elements. By Fleming's left hand rule, on element AB 
the direction of force will be leftwards and the 
magnitude will be 


dF = I(d£)Bsin90° = I(dl)B 


X X X X X X xX 


X xX X X X xX X 


On element CD, the direction of force will be towards 
right on the plane of the paper and the magnitude 
will be 


dF= I] (d ) B. 
These two forces will cancel out. 
NOTE : Similarly, all forces acting on the diametrically 


opposite elements will cancel out in pair. The net force 
acting on the loop will be zero. 


ABC 1s 
I 
B,= Po “lg (Directed upwards) 
4n r 


Magnetic field at the centre due to current in arc 
ADB is 


(d) 


(a) 


(c) 
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I 
B,= ae a (2n 6) (Directed downwards) 


Therefore net magnetic field at the centre 


m™— 9) 


aise y= ££ FA 
"1 RR pl)/A pre 

E E EA 
and I, 


Ry ply/A prQn—6) 


= Ae Ae0 —— 


Uo| EA 8 EA 
pr@ r 


: (2n—0) | _ 0 
or(27 —-9) r 7 


vm 


KEY CONCEPT: 7 oc — 


> rar<r 

The magnetic lines of force created due to current will 
be in such a way that on x — y plane these lines will be 
perpendicular. Further, these lines will be in circular 
loops. The number of lines moving downwards in x—y 
plane will be same in number to that coming upwards 
of the x—y plane. Therefore, the net flux will be zero. 
One such magnetic line is shown in the figure. 


¥ 


Magnetic line of 
we gn 


‘ 
force 
(|X 


Current loop 


F,=qE (Force due to electric field) 
F,=evB sin § =qvB sin0=0 
(Force due to magnetic field) 


—»> 


E 


Tq 
—____________»7 
Force due to electric field will make the charged particle 
released from rest to move in the straight line (that of 
electric field). Since the force due to magnetic field is 
zero, therefore, the charged particle will move in a 
straight line. 


The angular momentum L ofthe particle is given by 
L=mr~o where @= 210. 
@ Oq 
oF = —> Further i=q <x n= — 
requency n 7 urther i=q <n on 
Magnetic moment, M= iA = at mr; 
Tt 
2 2 
eye wqr $6: M_ ogre gq 
2 L  2mr*q@ 2m 
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8. 


(b) The wires at A and B are perpendicular to the plane of 


(c) 


paper and current is towards the reader. Let us consider 
certain points. 

Point C (mid point between A and B) : The magnetic 
field at C due to A ( Bca ) is in upward direction but 
magnetic field at C due to B is in downward direction. 
Net field is zero. 

Point E : Magnetic field due to A is upward and 
magnetic field due to B is downward but 
| Bea |<| Bes |. 

.. Net magnetic field is in downward direction. 


Point D: | Bp, |>| Bpg |. Net field upwards. Similarly, 
other points can be considered. 


1 2| 2nR 4nR 
oM 
[ | 
R | 
| | 
Os toe 
P I 7 S 
I 
| 
pitox 


Case 2 : When wire QS is joined. 
H, = (Magnetic field at M due to PO) + (magnetic field 
at M due to OR) + (Magnetic field at M due to OS) 


eed areal eae Mf 2 
2| 2nR 2, 2nR | 8nR Hy 3 
NOTE : The magnetic field due to an infinitely long 
wire carrying current at a distance R from the end point 
is half that at a distance R from the middle point. 
Case of positively charged particle : 

Two forces are acting on the positively charged particle 
(a) due to electric field in the positive x-direction. 
(b) Force due to magnetic field. 


F =q(vxB) 
=> F=q(vixBk) > F=qvB(-/) 


This forces will move the positively charged particle 
towards Y-axis. 


10. 


11. 


(d) 


(b) 
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Case of negatively charged particle. 

Two forces are acting on the negatively charged particle 
(a) due to electric field in the negative X-direction. 
(b) dueto magnetic field 


F =-q(vxB) 
F =—q{v(-i) x B(k)] 


F= —qvB{i x k], F = qvB (-/) 
Same direction as that of positive charge. 
(c) is the correct answer. 
NOTE : If we take individual length for the purpose of 
calculating the magnetic field in a 3-Dimensional figure 
then it will be difficult. 
Here a smart choice is divide the loop into two loops. 
One loop is ADEFA in y-z plane and the other loop will 
be ABCDA in the x—y plane. 


Z4 


We actually do not have any current in the segment 
AD. By choosing the loops we find that in one loop we 
have to take current from A to D and in the other one 
from D to A. Hence these two cancel out the effect of 
each other as far as creating magnetic field at the 
concerned point P is considered. 
The point (a, 0, a) is in the _X-Z plane. 
The magnetic field due to current in ABCDA will be in 
+ ve Z-direction. 
NOTE : Due to symmetry the y-components and x- 
components will cancel out each other. 
Similarly the magnetic field due to current in ADEFA 
will be in x-direction. 

The resultant magnetic field will be 


l 
JD: 
KEY CONCEPT : When a charged particle is moving 
at right angles to the magnetic field then a force acts 


on it which behaves as a centripetal force and moves 
the particle in circular motion. 


B= (+k). 


2 


| lA 
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“BB — @B 7 
YR B 
i EAS BER 
YA 'B 
- Ge s * 
Since r,>Tp e.% fos 
> M4V,7 Mpvz te te. ek Se, or 
12. (c) Let us consider a thickness dx of wire. Let it be at a 
distance x from the centre O. 15. @) NOTE: Magnetic lines of force form closed loops. 
Inside a magnet, these are directed from south to north 
pole. 
16. (b) The velocity at P is in the X-direction (given). 
Let v=ki. 
Y) After P, the positively charged particle gets deflected 
Q in the x — y plane toward — y direction and the path 1s 
non-circular. 
Now, F = q(v x B) 
— F-=g[kix(ck +ai)] for option (b) 
N A A AA A ‘ 
Number of turns per unit length = Ra = qlkcixk+kaixi] =kcg(-j) 
a N Since in option (b), electric field is also present E = ai, 
“. Number of turns in thickness ax = b-a therefore it will also exert a force in the +_X direction. 
Small amount of magnetic field is produced at O due to The net result of the two forces will be a non-circular 
thickness dx of the wire. path. . 
Only option (b) fits for the above logic. For other option, 
- dB= Mo MI dx we get some other results. 
2 (b-a) x 17. () KEYCONCEPT: Use Fleming's left hand rule. We find 
On integrating, we get, that a force is acting in the radially outward direction 
poly NI dx Wy NI ee the circumference of the conducting loop. 
4a 2 b-ax 2 (b-a) 18. @) U=-M.B =-MBcos0 
In I,6 = 180°, V=+MB 
ge aie. Re ; case I, § = 180°, U 
ax 2 (ba) eer In case II, 0 =90°, U=0 
In case III, 6 = acute, U=+ ve (less than + MB) 
_ Ho MM is 5 In case IV, 6 = obtuse, U=—ve 
2 (b-a) “a “ I>II>II>IVv. 
13. (b) y woe Y 19. (b) The force acting on electron will be perpendicular to 
; the direction of velocity till the electron remains in the 
qx X XX magnetic field. So the electron will follow the path as 
eye Vy = yeby given. 
x x X X ®) B 
Width of the magnetic field region (b— a) < R; where 'R' a 
is its radius of curvature inside magnetic field, © . om 
mv (b6-a)qB 
R GB 2(b-a) > Vain = 


14. (a) Thewire carries a current Jin the negative z-direction. 


We h h tor field 
e have to consider the magnetic vector fie 20. (a) Use the vector form of B and v in the formulae 


B in the z=0 plane. = os | — 
at (x, y) in the z=0 plane F=gq(vxB) to get the instantaneous direction of 


Magnetic field B is perpendicular to OP. 
“. B= Bsin0i — Bcos6j 


force atx=aandx=2a. 
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21. 


22; 
23. 


24. 


(c) Let us consider an elemental length dl subtending an 
angle dO at the centre of the circle. Let Fy be the 
magnetic force acting on this length. Then 


F = BI (dl) directed upwards as shown 


arc(d/) 
= ** angle(d@) = ———— 
BI(Rd6) angle (d@) errr A 
= si{4) d0 E 2rR=LZ>R= =| L 
On 27 


Let T be the tension in the wire acting along both ends 
of the elemental length as shown. On resolving T, we 


find that the components. 7’ cos (S) cancel out and 
_ (dO 
the components. 7 sin = add up to balance Fp. 


At equilibrium 27 sin (S = BI a do 
2 27 


dO 
> or 2% = BI—-d0 E —_—= small 
2 2n Z 7 
2 
(a) same as Q.12 (above) 
(b) The magnetic moment of a current carrying loop is 
given by M=NIA 
a : Tt 
Here N= 1,A=a*+2n (=) = F 2] , the direction 
3. 


is towards positive z-axis. 


(d) For r<>, 


R 
For oo 


2 
B-Ho pe J 
2 2r 


For r>R, 
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RR r 
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D. MCQs with ONE or MORE THAN ONE Correct 


(a) The force on north pole = mB\ 
The force on south pole = mB2 


> 
B 


Se 
Since the forces will be unequal and are not having same 
line of action therefore, the magnetic needle experiences a 
force as well as a torque. 
(a,b,d) 
There is no change in velocity. It can be possible when 
¢ Electric and magnetic fields are absent, 1.e., E=0, B=0 
¢ Or when electric and magnetic fields are present but 
force due to electric field is equal and opposite to the 
magneticforoe (i.e,£+0,B+#0). 
¢  Orwhen E=0. B #0 provided 
F= qvB sin 80=0 
sin 8 =0,1.e., 8=0 => vand B are in the same direction. 
(c) AB part of the rectangular loop will get attracted to the 
long straight wire as the currents are parallel and in the 
same direction whereas CD part will be repelled. But 


l 
since this force / «— wherer is the distance between 
r 


the wires. Therefore, there will be a net attractive force 
on the rectangular loop. Force on BC is equal and 
opposite to that on AD. 


B i C 
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4, 


(b) Themagnetic field due to current 8. 
in wire 1 in the region of wire2 ! 2 
will be 


1 An b 
Since wire 2 having current 1 1s 
placed in a magnetic field B,, it 
will experience a force given by —5 > 


F= i(€B,sin90°) 9. 


Ho 21 _ Boi” 
4n b 2nb 


yea ce 
4n b 


l 
(c) KE. of first particle = 5 m vp =qV ... 0) 


force per unit length = =I xX 


l 
K.E. of second particle = 5 my v3 =qV 


... (il) 
NOTE : After entering the magnetic field, a magnetic force 


acts on the charged particle which moves the charged particle 
in circular path of radius 


R= 2m K 


= qB 10. 
Here, K, g, B are equal 
~ RZ om 
> “AL R From (i) and (ii) 
m™ Rj 
(a, b, d) 


Considering the activity from P to QO (Horizontal) 
U, =v, Vv, =2v,5,=2a,Acc=A 
=> 4-1 =2A(2a) 
7 3y7 
> A= ae 
Force acting in the 
horizontal direction 1s 


Rate of doing work at P 


2v 


3 mv 
Power = F x y= mA Xx y= —| — 
4| a 
Rate of doing work by the magnetic field 1s throughout zero. 
The rate of doing work by electric field 1s zero at O. Because 
at QO, the angle between force due to electric field and 
displacement 1s zero. 
(b, c) 
For V= I, (G+R)=5 x 10 [100 + 200,000] = 10V 


For /=1 Sa) =5x10> HP +1 esa 
&\¢s 1 
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(b) Let us consider any point P 
inside the thin walled pipe. Let 
us consider a circular loop and 
apply Ampere's circuital law, 


B. dé= pl 

Since current inside the loop 1s zero. 

 B=0 
(a,c) 
KEY CONCEPT : When the charged particles enter a 
magnetic field then a force acts on the particle which will act 


as a centripetal force. We know that when kinetic energy 
and magnetic field are equal then 


im 


re 
q 
whey ett, gNi6 
Viyt 1° Het 1 > Tott 7 
> r+ © I; Trot © 2; Pott & 2 


He™ and O** will be deflected equally. 
H* will be deflected the most since its radius is smallest. 


(a) CG 


R 
(qm) 


R 
(qm) 


I 
! 
I 
I 
7) qw 
Current, i= (frequency) (charge) = (2) (2q) = a 
Magnetic moment, 
w 
M=(i)(A)= (#2) (nR*) = (qoR?) 
Angular momentum, L = 2 Io= 2(mR2) 
M__qoR” _ 
L  2(mR7)q 2m 
(d) Net magnetic field due to the wires will be downward 


as shown below in the figure. Since angle between 
and B is 180°, 


x 
Wires are in X-Y plane 
and velocity in Z-direction 


<———__,; ——_» 


Therefore, magnetic force Fm = q(v x B) =0 


Moving Charges and Magnetism 
12. 


13. 


14. 


(c, d) 

Out of the given options only induced electric field and 
magnetostatic field form closed loops of field lines. 

(a,c) 

Net force on the loop : 

Force on AB : The magnetic field due to current J, is 
along AB. 


dF=I (dtx Bxsin0°)=0 


Force on CD : Similarly the magnetic field due to current J, 
is along DC. Because 0 = 180° here, therefore force on DC is 
Zero. 


Force on BC: Consider a small element dZ. 

dF= I,d £B,sin90° > dF= Ind LB, 
By Fleming's left hand rule, the direction of this force is 
perpendicular to the plane of the paper directed outwards. 


Force on AD: dF = I,d¢B,sin90° = Ind B, 


B, 
D 


dr 
A l, 
By Fleming's left hand rule, the direction of this force is 
perpendicular to the plane of paper directed inwards. Since 
the current elements are located symmetrical to current J,, 
therefore force on BC will cancel out the effect of force on 
AD. 
= Net force on loop ABCD 1s zero. 
Net Torque on the loop : The force on BC and AD will create 
a torque on ABCD in clockwise direction about OO' as seen 
by the observer at O. 
(a, c, d) 
As the particle enters the magnetic field, a force acts on it 
due to the magnetic field which moves the particle in a circular 
path of radius 


mv 
r=— 
qB 


15. 


16. 
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¢ For the particle to enter region III, r > 2 (path shown by 
dotted line 

) x Keio’ | x 

xXx X X 


Region I Region III 


mv qfB 
> —> i Sv> — 
qB m 


¢ For maximum path length in 

region II, r= 
= haa — Vv ess 
qB m 

¢ The time taken by the particle 
to move in region II before 
coming back in region I is 
given by 


t=—" which is independent of v. 


qB 
(b, d) 
When current / is switched on in both the solenoids in 
identical manner, eddy currents are setup in metallic rings A 
and B in such a way that rings A and B are repelled. 


Given h, > hp. This shows that eddy currents produced in 


A are greater than in B. This is possible when p 4 < pp (the 


rate of change of flux is same in both the rings, therefore 
induced emf is same). 

(bd) 

Figure shows that the megnetic field B is present on the 
right hand side of AB. The electron (e) and proton (p) moving 
on straight parallel paths with the same velocity enter the 
region of uniform magnetic field. 

The entry and exit of electron & proton in the magnetic field 
makes the same angle with AB as shown. 

Therefore both will come out travelling in parallel paths. 


i 

' 

' x x 
1 

i 

' —> 
i B 

H x x 
; 

' 

- 

x x 
' 

H 

i 

i x x 
; 

- 

! 

' 

t x x 
: 

t 

B 
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The time taken by proton 19, 
_ distance arc — angle xradius 20x Rp 
P speed __ speed speed v 
mv) 20m 
= a x as = P 
Vv eB eB 


The time taken by electron is 


a (2n-20)R,  (2n-20)  e”) _ (2n-20)m, 
aa - eB) eB 


clearly ¢, is not equal to t, asm, >> m, 
.. (b) , (d) are correct options 


Vv Vv 


17. (c,d) 
When 0 = 0°, the charged 
particle is moles along x y 0. 
axis, due to B the charged 
particle willtendtomovein £ B 
a circular path in y-z plane ‘i 
but due to force of electric . 
field, the particle will move 
in a helical path with 
increasing pitch. Therefore . 
options (A) and (B) are 
incorrect. 
When 0 = 10°, we can resolve velocity into two rectangular 
components. One along x-axis (v cos 10°) and one along y- 
axis (v sin 10°). Due to v cos 10°, the particle will movein 4, 
circular path and due to v sin 10° plus the force due to 
electric field, the particle will undergo helical motion with its 
pitch increasing. 
If 8 = 90°, the charge is moving along the magnetic field. 
Therefore the force due to magnetic field is zero. But the 
force due to electric field will accelerate the particle along y- 
axis. 
18. (a,c) 
The magnetic field should be in the —z direction (Fleming’s 
left hand rule) y 
: 5 P > as U,=V. 
erm Lye x x x x 
tan 0 Vy 5 B x“ bs Vy = 2 : t. 
x xX Vy 3 x 
1 x x x x 
a oo ee 
Antes ate : speed a time 
radius radius 


nm 4x10x10~ E ~My) 
ip ee ea ee ” radius = —— 
6 Mx4/QB QB 
_ 307M 
aa 


(a) and (c) are the correct options 
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(a, d) 
In the region O <r<R, the magnetic field 1s present due to 
current in solenoid. 


In the region r > 2 R, the magnetic field is present due to the 
current in the cylinder. 

For the region R <r < 2R, the magnetic field is neither along 
the common axis, nor tangential to the circle of radius r. (a) 
and (d) are correct options. 
(a, b, c) 


F= 1\( | dl)x B 

If B isalong Z then F = 1| (21 a 2R)ix Bx | 
option [A] is correct 

If B isalong x then F = 1| (QL +2R)ix Bi | =0 


If B isalong y then F = 1| (2L +2R)ix j] 


Option (b) and (c) are also correct 


. (a,c) 


The range of voltmeter ‘V’ is given by the expression 
V=1, [R,+ (R,+R+R)] 
V is max in this case as RHS is maximum. Thus (a) 1s correct. 
The range of ammeter I is given by the expression 
I,R 
amen Where ie ie 
eq Reg R, R R 
Here R,,, is minimum and therefore I is maximum. Thus (c) 1s 
the correct option. 


E. Subjective Problems 


2€=0.25m 
14.4 


=> m= — =57.6A-m2 


2f = 14. 
mx 14.4 0.25 


Also, 


Torque due to magnetic field 


3 
=P, x Bx sin 60° = 14.4 x 0.25 x - 
The torque due to the force = F x 0.12 


V3 


For equilibrium F x 0.12 = 14.4 x 0.25 x ap => F=25.98N 


If the force F 1s removed, the torque due to magnetic field 
will move the bar magnet. It will start oscillating about the 


mean position where the angle between p m and 


B is0. 
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The force on electron will be 

towards the left plate due to B 
electric field and will beequal |,|x x;x ¥ 
to l 


Fr, e ek + ae 
NOTE : For the electron to '£ 
move undeflected between the | +|X_*.* 


plates there should be a force : 
(magnetic) which is equal to |+|/X X!X = xX 

the electric force and opposite As 

in direction. The force should |+]x x,x x 

be directed towards the right —<T = 
as the electric force is towards 

the left. 

On applying Fleming's left hand rule we find the magnetic 
field should be directed perpendicular to the plane of paper 
inwards. Therefore, 

Force due to electric field = Force due to magnetic field. 


ek =evB 
pee a=" 
vooé€y d 
where \V=p.d. between plates 


d = distance between plates 


600/3x 10° 600 
rT a eee ET | 
2x10 3x10 ~-x2x10 
B=0.1 tesla 
m=1.6x 10-2’ kg, g=1.6« 10-19C 
B=1T 
v=10/ m/s 
F=q.vBsina 
(acting towards O by Fleming's left hand rule) 
=> F=qvB [°- a=90°| 
But F=ma 
qvB x x x x 
. gVB = ma oe a 
# x ™* &« xX 
1.6x107!? x10’ x1 5 x xX x x 
1.6 x10727 | a 
o aS x x x 
= 10!5 m/s2 we =i x x ™“« x 
Z OEF=45° (‘. OF act as a radius) 
Bysymmetry Z OFE = 45° 
Z EOF=90° (by Geometry) 


This is the centripetal acceleration 


2 
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: i 1 14 

—=10 => p= ae = Uhm. 

r 10 

Therefore EF = 0.141 m. 

If the magnetic field is in the outward direction and the 
particle enters in the same way at E, then according to 
Fleming's left hand rule, the particle will turn towards 
clockwise direction and cover 3/4th of a circle as shown in 
the figure. 


000062€C0~C00dUC8 
0O00006d~mD0ddhlCU8 


v= v cos60 


v, is responsible for horizontal motion of proton 
Vv, 1s responsible for circular motion of proton 


2 
r 
mv, 1.76x107*! x4x10° x v3 
qB 1.6x107)? x0.3x2 
Pitch of helix=v, x T 


=0.012m 


2tr 2mur 
where f= —=—_ 
v, ~ vsin®@ 


2 
= Pitch ofhelix= vcos® x —— 
vsin 9 


= 2nrcot® =2 x 3.140.012 x cot 60° =0.044m 
(1) The magnetic field at P due to current in wire A. 


Holy Mo, 2x96 | 
B= An rap 4n (24.10) (Direction Pto M) ...() 
11 


NOTE : The current in wire B should be in upward direction 
so as to cancel the magnetic field due to A at P. (By right 
hand Thumb rule) 

The magnetic field at P due to current in wire B 
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Ho 1 
1” An (OR) 
10 directed towards the reader perpendicular to the plane of 
1 paper. 
M Magnetic field due to current carrying conductor Q at point 
B, P BN O is directed towards the reader perpendicular to the plane 
of paper. 
= M0). 1 
...(ii) 2 4n (OS) 
Magnetic field due to current carrying conductors Z and M 
, 7 at O is zero. 
From (1) and (11) Resultant magnetic field at O 
Lali 2x 9.6 Eos, 2Ip B=B,+B, 
An 10\  4n (10 (directed towards the reader perpendicular to the plane of 
Ge) 
11 i paper) 
96x11 Ipxl1l 96 2, ge, EO ee - Ho, ee as | 
= 30. «10 Bo 35 =3A 4n OR 4nOS 4x LOR OS 
(1) The dimensions given shows that 1 
S4* + SB? = AB* > ZASB=90° =10-’ x 10x sis iar ae | = 10 tesla. 
Magnetic field due to A at S 
(i) The magnetic field (due to current in wire P) at R 
Ho 214 _ Ho Os, 2x 9.6 (Di ted St B) 
SA An ry 4m 16 rane ainerte _ Ho A!p _ Mo 22.5 
Magnetic field due to B at $ 4m rpr An 5 
Mo 227 Ug 2x3 ; Ho. 
= —,—= = —_— 1(D A = — [in the plane of paper downwards 
oF ie se 1D (Directed S to A) ae [ p pap ] 


The resultant magnetic field 


2 
2 2 Ko 0, (28), ( =.) 
= 4 Bo,+ Bop =— +| — 
B SA t+ Dsp 08 06 


= 10-7 x 13=1.3x 10°T 
(ui) Force per unit length on wire B 


_ Ho 21 4p 
An lAB 


107 x2x9.6x3 
2 
This force will be repulsive in nature. 


=28.8x10-7 N/m 


Magnetic field due to current carrying conductor P at 
point O is 


2.,amp lamp - 5 
Q Q e cS - 4X10 m/s 
P Q R +X 
mM 
2m 
+> 
Ipp—>m 


Similarly, the magnetic field (due to current is wire Q) at R 
abOls 2x aE _ Ho I 
a 2° An 
[in the plane of paper downwards] 
The total magnetic field at R [due to P and Q] 
Ho gma) fe 
i= 1+] 
a An An aes ) 
[in the aca i. paper downwards] 
The force experienced by the electron 


F= qvBsin® 
= evB sin 90° = 1.6 x 10-19x 4 x 105 x ll +) 


But F=3.2 x 10-29 N (Given) 
3.2 x 10-78=1.6 10-719 x4x 109 x 107(1+ 0 
=> I=4amp. 
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10. 


(1) Let us consider a position between Q and R. The 
magnetic field produced should be equal to 5 x 10-7 T in the 
plane of paper acting upwards. 

For this let the wire having current 2.5 amp be placed at a 
distance r from R and current flowing outwards the plane of 


paper. 


Mg 2x2. 


=) 
5 x 10 Ae 


orr=lm 


Let us consider another position beyond R collinear with P, 
Q and R. Let it be placed at a distance 7' from R, having 
current in the plane of paper. 


2x 2.5 

§ x 10-7 = <0 x 7? orr'=1m 
At 
~ Uo TREY = _ Wo 2nl > 
B Bo = ——k 
a) a 4n a -k); Ss 4n 3a 

hee) 21 A 
B=B\+B2= tot) 2 alt= 3 al ——— (1.4)(k); 

4n a} 3 a 
v = vcos 60i+ vsin 60/ 
F=Q(VxB)=O ee x eat ec 

2 2 4n a 


— 


Now apply a= = 
m 


(b) KEY CONCEPT : The torque acting on the loop in the 
magnetic field is given by 


t=MxB where M=IA 
A = (area of PMONP) - (area of triangle PMN) 


= | na2)-+x MN x PS 
3 Z 


ta“ | a o|t V3 
pe in al sae cea 
ae aha als 4 
Auge m_N3 Ip 
3 4 


2 E n_3\> 
The force acting on the loop 1s zero. 

The magnetic field produced at different points on OC will 
be different. Let us consider an arbitrary point P on OC 
which is at a distance x from the origin. Let the magnetic 
field due to currents in A and B at Pbe B, and B, respectively, 
both being in the X-Y plane. 


t= Bla ae 0.614 Bla’ j 


11. 


Let Z BPO= ZAPO=9 


= 2I 
By |= 
TM Jaq? +x? 
On resolving B, and B, we get 
that the sin®8 components 


cancel out and the cos®@ 


=| Bo | 


components add_ up. : 
Therefore, the total magnetic 
field at P is 
B=2B, cos@ 
2H0 2 — Ale 


AR qt 4x? ie: Ta re ae +x*) 


(towards — Y direction) 
Let us consider a small portion of wire OC at P of length dx. 
The small amount of force acting on that small portion 


dF =I(dxxB) «.dF=Idx Bsin 90° 


= dF = Ide x 40.2 
An (a° +x") 


The total force 


Ho 4p (° 28 


F= pe 
An 0 (a’ +x7) 


L 
1 
tO Az | Stog.(a? +22)| 


An 
1p 
a’ 


To find the direction of force we can use Fleming's left hand 


0 


a Ho 2) oe, 


rule. The direction of F is towards — Z direction. 

When the current in wire B is reversed, the resultant magnetic 
field at any arbitrary point P on OC will be in the _X-direction. 
Since the current 1s also in_X-direction, therefore force acting 


will be zero (F= J € Bsin® and 6 = 180°). 


(a) Let us resolve the velocity into two rectangular 
components v, (= vcos 60°) and v, (= vsin 60°). v, 
component of velocity is responsible to move the charge 
particle in the direction of the magnetic field whereas v, 
component is responsible for revolving the charged particle 
in circular motion. The overall path is helical. The condition 
for the charged particle to strike S with minimum value of B 
is that Pitch of Helix = GS 


2™m™ 
[xv,=GS > R x vcos 60° = 0.1 
2m™mvcos 60° 


1 5 2E 
But =mv*-=E D> v=,|/— 
2 m 
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eee x J2mE x cos 60° = 2774 _ 
qx 0.1 1.6x10~°” x 0.1 


= /2x9.1x107>! x2x10? x1.6x107!? x 


— 149.8 

~ 19719 

=4.737 x103T 
12. When AB is steady, 

Weight per unit length = Force per unit length 

Ho 2h 
i ... (4) 
NOTE : When the rod is depressed by a distance x, then the 
force acting on the upper wire increases and behaves as a 
restoring force 


x0.316 x 10°23 =47.37 x 104 


Weight per unit length = 


C L=304 D 
Mo 20ty Mo 2hly 
Restoring force/length = ia Ae 


=> Restoring force/length = 


Hai 4] | 


An (r—x)r 
_ Ho 21, 1x 
~ An r(r—-x) 
When x is small 1.e.,x<<rthenr =x x r 
Uy 201 
Restoring force/length F'= 0 =a 2 
An r 


Since, F'« x and directed to equilibrium position. 
The motion is simple harmonic 


Ho a Bs 
ae = (mass per unit length) w* .. (il) 
_ Mo 2hlo 
From (1), (Mass per unit length) x g= a 
21,1 

Mass per unit length = r 7 ... (iil) 
From (11) and (111) 

Mo 20 Wo 2 2 g 

a LO” SS OF 4) 

4n »2 An rg r 


13. 


14. 
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Qn _ i 
r 
=> T=2n F aon JOO = 0.2s0c 
g 9.8 


(1) KEY CONCEPT : Orbital magnetic dipole moment = JA 
where / is the current due to orbital motion of electron and A 
is the area of loop made by electron. 


=> AS => M= paaedvey 
T 2 


l 
=> M= 5 eoR® 


But according to Bohr's postulate 


mRoy = ue > 
2 


jie e nh _ nhe _ eh 
a 7 2” 2nm 4mm ~ 4am 
NOTE : The direction of magnetic momentum 1s same as 
the direction of area vector, 1.e., perpendicular to the plane 
of orbital motion. 
(i) KEY CONCEPT: We know that torque 


t=MxB > T= MBsin@ 
where @ is the angle between Mand B 


(-.n=1 for ground state) 


heB 


x Bsin 30° = 


_ he 
= 4mm ™ 
NOTE : The direction of torque can be found by right hand 
thumb rule. 

The direction of torque is perpendicular to the plane 


containing n and B as shown. 
(1) KEY CONCEPT: Magnetic field due to an infinitely 
long current carrying wire at distance r 1s given by 


: aoe 
7 A4n\ r 


The direction of B is given by right hand palm rule. 

Hence, in case of three identical wires, resultant field can be 
zero only if the point P is between the two wires, otherwise 
field B due to all the wires will be in the same direction and 
so resultant B cannot be zero. Hence, if point P is at a 
distance x from the central wire as shown in figure, then, 
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Bp = Bp4+ Bpp + Bpc 
where Bp, = magnetic field at P due to A 


B pp = Magnetic field at P due to B 


Bpc = Magnetic field at P due to C. 


= Ho, 1 | 

Bp =—2i| ——+- -k 

J An {< x d-x 2: 
For Bp =0, we getx=+ d/v3 


(i) KEY CONCEPT : The force per unit length between 
two parallel current carrying wires is given by 


i i La? ne 
re f (say) 


and is attractive if currents are in the same direction. 


So, when the wire B is displaced along Z-axis by a small 


: F 
distance Z, the restoring force per unit length rs on the 


wire B due to wires A and C will be 


ey aie a Mo 2h 2 | ascoso==| 
£ 4n r rs r 
2 
or BO ee [as J, = 1, and * = d? +27] 
€ 4n (d* 427) 


\2 
or Patel z [asd>>zand F isopposite toz] ...(1) 16. 


£ An\d 
Since F oc —z, the motion is simple harmonic. 
Comparing eq. (1) with the standard equation of S.H.M. 
which is 
F=-moz i.e, a Sy iy 
is ic 
=—} wz, we get 


2 
n Pa AO te Uo! 
An s nd-n 
L {Ho l Uo 
=>. 2 — = —_ 
d\mnr 2nd \i nar 


15. 
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(a) Asthe magnetic field B isinx— y plane and subtends 
an angle of 45° with the x-axis, hence, 


B,.= B cos 45° = B/N2 and 
B,=B sin 45° = B/N2 


5-i(4). (= 7 2 
Np) IVA and M=J=I)I*k 


we eee es B «A Ee B A 

So, $< HB = ybtbx( 2 ie 2) = EEG 
0 J2 V2? J2 (j 

Le., torque has magnitude Te L’B and is directed along 


line OS from Q to S. 
(b) According to the theorem of perpendicular axes, 
moment of inertia of the frame about QOS. 


1 1 He 2) a 
ag Mr | =~ ML 
los 3 3 


Also t=/a, 


t_Igl’Bx3 3 1pB 
I oe 2M 
Here @ is constant, therefore we can apply 


l 
0= Wot +oar with Wp = 0, we have 


@=—a1? = 4) eee ) can? 
2 2 


3 [pB 
4M 


or @0= “07 (At)? 


KEY CONCEPT : This question involves a simple 
understanding of the motion of charged particle in a magnetic 
field. 


(a) 
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17. 


Let the particle emerge out from the region of magnetic field 


at point P. Then the velocity vector vo makes an angle 30° 
with x-axis. The normal to circular path at P intersects the 
negative y-axis at point A. 

Hence, AO= AP= R=radius of circular path, which can be 
found as 


Z my, 
MVo 0 ; 
R 097% = qBo (1) 
R e 
In AAPM, R sin 30°=L > a L ... {i) 
MVo 
From (1) and (11), L= 24Bp 
(b) —vi 
Voi 24 


Eee 
2. 1mvy/2qBy 
As the new region of magnetic field 1s 2.1 L 


21R |... 
aia which is obviously > R. 


Thus, the required velocity = —yp i. 

Since the time period for complete revolution = 27m/qB». 
The time taken by the particle to cross the region of magnetic 
field = nm/qBo. 

(a) Magnetic field (B) at the origin = Magnetic field due 


to semicircle KLM + Magnetic field due to other semicircle 
KNM. 


pee ee 
Therefore, aR (—i) i (j) 


Te, tel Mak ix 2 
hE Oe pe G) 
4R 4R 4R 


[NOTE : The magnetic field B due to a circular current 


B= 


I 
carrying loop is oe .. For semicircle it is half] 
Therefore, magnetic force acting on the particle. 
= a n nA I 
F = q(vx B) = q4(-vpi) x (-i+ j) x 
4R 
= Ts 
ej Oa OEE 
4R 
(b) Fim =F Knm =F Ku 
and F xy = BI(2R)i = 2BIRi 
Therefore, F; = F> =2BIRi or total force on the loop, 


F=F\+F2 => F =4BIRi 


19. 
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For finding the magnetic field produced by this circuit at the 
centre we can consider it to contain two semicircles of radii, 
r, = 0.08 m andr, = 0.12 m. Since current is flowing in the 
same direction, the magnetic field created by circular arcs 
will be in the same direction and therefore will be added. 


Hol Hol] 1 1 
B,= 7 andBy=G «. pe 242] 


Ar, Ary nn 
B=(6.54x10>)T Directed outwards. 
(Right hand thumb rule) 


(b) Force acting on a current carrying conductor placed in 
a magnetic field is given by 


F =1(¢x B)=I(Bsin® 
(i) For force acting on the wire at the centre 
In this case 0 = 180° 
. F=0 
(ii) Onare AC due to current at the centre 


i | Hof 
|B| on AC will be B= nr 


The direction of this magnetic field on any small 
segment of AC will be tangential 
6=180° > F=0 
(ui) On segment CD. 
Force on a small segment dx distant r from O 


dF=IdxB 
I 
=A ee 
21x ™ Xx 
On integrating 
S ol i) ax SUol iy) 
os T J, x a Tl [loge “|, 
= log, + = —— log, | —-- 
Tt h 0.08 
=8.1x10°N 


directed downwards (By Fleming left hand rule). 
When the ring 1s not rotating 
Wt. of ring = Tension in string 


mg=2T, 
mg : 
I) = <P ree (1) 
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20. 


When thering is rotating, we can treat it as a current carrying 
loop. The magnetic moment of this loop 

Q @ x mR 

21 

This current carrying loop will create its own magnetic field 
which will interact with the given vertical magnetic field in 
such a way that the tensions in the strings will become 
unequal. Let the tensions in the strings be 7, and T,. 

For translational equilibrium 


senign Dain 


T, + T,=mg ... (i) 
Torque acting on the ring about the centre of ring 
t=MxB 


t=M~x Bx sin 90° 


2 
— oe x TR? x B= QoBR™ 
2n 
NOTE : For rotational equilibrium, the torque about the 
centre of ring should be zero. 
D _ QwBR* 


D 
T,x —-fh x= 
Dp a 2 


... (ill) 


_ , 316 
But the maximum tension 1s > 


KEY CONCEPT: 


Hed I 2 
eV= 5 a and eV= 5a 
V is the potential difference 
v, = velocity of proton 
V,, = velocity of a.-particle 
m= mass of proton, mass of a-particle = 4 m 


es = eV ee eV 
”? m > 4m 


Now when the particles enter in magnetic field, the force on 
proton is 


21. 
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2 
mv mv m 
Se Pp _ Pp Geerrebilid) 
ev B= r, or a R > r,= OB 
2eV 7 a 2mV oa nf 4mV 
mB e race B e 
‘p l 


(a) The torque acting on a rectangular coil placed in a 
uniform magnetic field is given by, 
t=MxB => t=MBsin0 
But M=NiA and @ = 90° (for moving coil galvanometer) 
t=NiABsin 90° 
=> t=NiAB 
But t=k i (given) 
ki=NiAB 
=> k=NAB 
(b) The torsion constant 1s given by 


To NiAB 


) 0 


Here given that when i =i), 0 = 1/2 


2Nig AB | 
ee ...(i) 


(c) Weknow that angular Impulse 
= | rat = [ NiAB at = NAB | idt 


= NABO ... (il) 
This angular impulse creates an angular momentum 
[tdt =I ... (iii) 
From (11) and (111) 
NABQ 


I@=NABO > @= F 


This is the instantaneous angular momentum due to which 
the coil starts rotating. Let us apply the law of energy 
conservation to find the angle of rotation. 

Rotational kinetic energy of coil 


I N*A*B°Q7 7 N*A7B707 


eee: 
2 D1 


Io = 


I 
~ 2 
vee - N? A? B°Q7 
jas 21 


: N? A*B°Q" 7 N? A? B7Q7 ; 
ais Cl 2Niy ABI 
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F. Match the Following 


(A) Charge on ring will create electric field which is time 
independent. 

(B) Therotating charge is likea current. This will create a 
magnetic field and a magnetic moment. 

(C) Since net charge is zero there will be no time 
independent electric field. The current produces 
magnetic field and magnetic moment. 

(D) A changing magnetic field will be produced. This will 
create a induced electric field. Also a changing magnetic 
moment will be produced. 

A:q 
Reason : When a charged capacitor is connected to the 
ends of the wire, a variable current (decreasing in magnitude 
with time) passes through the wire (shown as resistor) and 
thermal energy is generated. The potential difference across 
the wire also decreases with time. The charge on the 
capacitor plate also decreases with time. 

B:rs 


Reason: e= Bly 
When 8B, @,v are constant, e 1s constant 


= A constant potential difference develops across the 
ends of the wire and charges of constant magnitude appear 
at the ends of the wire. 

C:s 

Reason : The free electrons move under the influence of 
electric field opposite to the direction of electric field. This 
movement of e~ continues till the electric field inside the 
wire IS Zero. 

= Changes of constant magnitude appear at the ends of 
the wire. 

D:p,q.r 

Reason : Since, £, R are constant, a constant current flows 
in the wire. Due to heating effect of current, thermal energy 
is generated in the wire. Also a constant potential difference 
develops between the ends of the wire. 

A:q,r 

Reason : The magnetic field at P due to current flowing in 
AB 1s perpendicular to the plane of paper acting vertically 
downward. And the magnetic field at P due to current flowing 
in CD 1s perpendicular to the plane of paper acting vertically 
upwards. 

Therefore, g is correct. 

As P is the mid point, the two magnetic fields, cancel out 
each other. Therefore, ris correct. 

B:p 

Reason : The magnetic field at P due to current in loop A is 
along the axial line towards right. Similarly, the magnetic 
field at P due to current in loop B 1s also along the axial line 
towards right. 

C:qr 

Reason : The magnetic field due to current in loop A at P is 
equal and opposite to the magnetic field due to current in 
loop B at P. 
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D:q,s 

Reason : The direction of magnetic field at P due to current 
in loop A is perpendicular to the plane of paper directed 
vertically upwards. 

The direction of magnetic field at P due to current in loop B 
is perpendicular to the plane of paper directed vertically 
downward. 

Since the current are in opposite direction the wires repel 
each other. But net force on each wire is zero. 


G. Comprehension Based Questions 


(d) The magnetised coils running along the track repel large 
magnets on the train's under carriage. 

(d) Initial cost will be more. 

(b) The magnetic force will pull the vehicle. 


(c) 


Magnetic field due to current carrying loop = 
Magnetic field due to straight wires 
B=B,cos 0 + B,cos 0 = 2 B,cos 0 


2 
rf 
LUgla = | Lol } a 


3/ 
2(a? +17] 2nVar +h? | Var +h? 
=> hwx1.2a 
The current is from P to Q in wire 1 and from R to Sin 
wire 2. 


(b) We know that torque 


= i a 


t=MxB 
t= MB sin 9 


I 
= (1 x na”) x 2x Ho sin 30° 
2nd 


_ Hol?a’ 
2d 


(a, d) When megnetic force balances electric force 
F,=F;, 
qv, B=qk 
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y In APRM, 
vgB= 7 [.- V=Exw] 16x” = PM? + (5x—a)? ... (iii) 
I > 72 = 95x —10xa => 10xa = 18x2 
V=w B= | xB =1.8 | 
newd > a=1.8x ... (Iv) 
E a | From (ii) & (iv), 
dined newd 9x7 = PM? + (1 8x)" 
I 
V =—_xB => PM =V9x2 —3.24x2 =V5.76x? =2.4x ...(v) 
l Also cos®@ Be Ley ... (VI 
Vee => Vid) = Vd, 13x 3x ™) 
when d, = 2d,, V,=2V, 
and when d, =d,,V,=V, cos05 2S oe .. (vil) 
(a), (d) are correct options 4x 4x - 
(a,c) From (1), (v), (vi) and (vit), 
Here 
I Ul 
Bo Vin Von _Ho, / sO Aig Oe 
pan a = B=7 x 5 4106+ 0.8] a oe Waa 
IfB, =B, andn, =2n, > V,=2V, I 
and of B, = 2B, andn, =n, > V,= 0.50, Comparing it with B= | ad , we get, k=7. 
A and C are the correct options. 48m x 
H. Assertion & Reason Type Questions 2. (6) Let us consider an amperian loop ABCD which is a 
rectangle as shown in the figure. 
Seas 8 NBA ’s circu 
1. (c) Statement-1 is true. Sensitivity = T ac _If B Applying ampere’s circustal law we get 


p B.de = 1, x (current passing through the loop) 
0. 
increases, T increases. Statement-2 1s wrong because 


ie > Bdl=u (7 xe 
soft iron can be easily magnetised and de magnetized. a ] 


I. In r Val rrect T : 
teger Value Correct Type Bx (= Ho xé 


(7) 
The right angled triangle is shown in the figure. Let us drop 
a perpendicular from P on OR which cuts OR at M. hae 
The magnatic field due to currents in PQ and RP at P is zero. - B=—> =|, cos (300t) 


The magnetic field due to current in OR at P is . 
The magnetic moment of the loop 


= (current in the loop) x mr? 


2.4 
_ | x "27 sin(3002) |x300 
ae 


_Ho f (cos @, + cos85) i) Comparing it with the expression given in the 
4n PM question we get 
In APQM, 


2.4 2 4 
p= pip ae i y _300Ker* 1 _ 300(3.14)" x(0.1)* _ 
R oL 0.005 x10 
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3. (3) 


7 Section-B 


1. (a) 
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t I [' 
Current density J= = =o 
area n(2a) (xa 
ome! 
=> = Pi 


Let us consider the cavity to have current /' flowing in 
both the directions. 

The magnetic field at P due to the current flowing 
through the cylinder 


_ Ho 2! 
1 An a 


The magnetic field at P due to the current (/’) flowing 
in opposite direction is 


Wo SY’ Wo 20/4) Wo L 
2° “4n 3a/2  4n 3a/2  4n 3a 


The net magnetic field 1s 
aft} 
4n a 3 


2 
4n a 3 12 


Ho lS 


B=B,-B,= 
2 ina: 3 


KEY CONCEPT : We know that the magnetic field 
produced bya current carrying circular coil of radius r 


I 
at its centreis B= Foe x 27 
4nr 


21 
Here By = HO 2m and Bp =X? 
T 
B 
=> -4=] 
Bp 


KEY CONCEPT : When a charged particle enters 
perpendicular to a magnetic field, then it moves in a 
circular path ofradius. 


ae aie 
qB 
where g = Charge of the particle 
p= Momentum of the particle 
B= Magnetic field 
Here p, g and B are constant for electron and proton, 
therefore the radius will be same. 


JEE Main/ GIEEE 


(c) 


(a) 


(b) 


Ry = By [:.. m, g, v are the same] 


Sr a= me ee 
Xo 
R XxX 3 
2 eG 
Ry Ao_, 3-2 
x] 


Magnetic field due to 
current in wire 1 at point 

P distant r from the wire i, 
1s 


= HO Ar oosg + cos 6] 
4nr 


i 
B= aa Be D idiieciea perpendicular to the plane 

of paper, inwards) 
The force exerted due to this magnetic field on current 
element i, dl is 


dF = i, dl B sin 90° 
Up 4 cos 


oe —— i, in dl cos® 
20 nr 


.. dF =i, dl 
KEY CONCEPT : Thetime period ofa charged particle 


(m, q) moving in a magnetic field (B) 1s T = 2mm 


The time period does not depend on the speed of the 
particle. 

The workdone, dW = Fds cos® 

The angle between force and displacement is 90° . 
Therefore work done is zero. 
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6. (a) 
7.) 
8. = (a) 
9. @d) 


The situation is shown in the figure. 

F = Force due to electric field 

F, = Force due to magnetic field 

It is given that the charged particle remains moving 
along X-axis (i.e. undeviated). Therefore F’,= F, 


RAE ae ee 
i Aa v 10 


KEY CONCEPT : The time period of a rectangular 
magnet oscillating in earth’s magnetic field 1s given by 


I 
WB 7 


T=2% 


where /= Moment of inertia of the rectangular 
magnet 
Lt = Magnetic moment 


B,, = Horizontal component of the earth’s magnetic 
field 


I l 
Casel: 7 =2n where l=—Me? 
UB? 12 


Case 2 : Magnet is cut into two identical pieces such 
that each piece has half the original length. Then 


T'=2% : 
We By 
1(M\(e? 7 u 
where TI wIU g and Ww 5 


W = MB(cos®, —cos8@>) 


1. MB 
= MB(cos0°-cos60°) =MB(1— >) alors 


- <= MBsin® = MBsin 60° = B>- J3W 


As shown in the figure, the magnetic lines of force are 
directed from south to north inside a bar magnet. 


10. 


11. 


12. 


13. 


14. 


15. 


(a) 


(b) 


(b) 


(c) 


(a) 


(b) 
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KEY CONCEPT : The temperature above which a 
ferromagnetic substance becomes paramagnetic is 
called Curie’s temperature. 

Using Ampere’s law at a distance r from axis, B is same 
from symmetry. 


| B.dl = oi 


Here i is zero, for r< R, whereas R is the radius 
. B=0 
KEY CONCEPT : Magentic field at the centre of a 


1e., Bx 2nr = Ui 


circular coil of radius R carrying currentiis B = Lalla 
2R 


Given: nx(2mr')=27R 
=>nr'=R ..(1) 


= N.Uol 
2r' 


B' 


(2) 


NUoi.n 
ato" = n?B 

27R 
The magnetic field at a point on the axis of a circular 
loop at a distance x from centre is, 


from (1) and (2), B'= 


pe Hola apy _ Hol 
2(x* +.a7y>/? 2a 
, B(x* +a’y!? 
. B= 
a 
53 
Putx=4 &a=3 > B'= oa) = 250 ul 
3x3x3 
Force between two long conductor carrying current, 
_ Ho 2h 20 
4n a 
Ff el 
4n 3d F 3 


| l 
P= u where / = — ml? 
MxB 12 


When the magnet is cut into three pieces the pole 
strength will remain the same and 


2 
lL(m\(e I 
'\ — waa | pres 3=— 
M.I. (/’) a= 1(5| x 9 
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16. (b) 
17. @ 
18. (c) 
19. @ 
20. (b) 
21. (b) 
22. (b) 
23. (a) 
24. @ 
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We have, Magnetic moment (/) 
= Pole strength (m) x ¢ 
.. New magnetic moment, 


TT | 2. 

V9 3° 
NOTE : Electro magnet should be amenable to 
magnetisation & demagnetization. 

‘, retentivity should be low & coercivity should be 
low 
The magnetic field due to circular coil 1 and 2 are 


M'=mx(4}x3=me=M et on 


_ Lo x3x 107 
An 


Lod 
2(2nx107) 


Hot 


ar 


(1) 
_ Ho x 4x 107 


aaa (aN 
2(2n x 107“) An 
am «gS DY 
B= Bp + Bs = B05 «10? CJ 
TU 


=> B=10°'x5x107 => B=5x 10 Wb/m? 
Equating magnetic force to centripetal force, 


Molo 


No 


ae qvB sin 90° 
r 


Time to complete one revolution, 


_ 2ar 2mm 


Vv qB 
A magnetic needle kept in non uniform magnetic field 
experience a force and torque due to unequal forces 
acting on poles. 
Due to electric field, it experiences force and decelerates 
1.e. its velocity decreases. 
Ferromagnetic substance has magnetic domains 
whereas paramagnetic substances have magnetic 
dipoles which get attracted to a magnetic field. 
Diamagnetic substances do not have magnetic dipole 
but in the presence of external magnetic field due to 
their orbital motion of electrons these substances are 
repelled. 
The charged particle will move along the lines of electric 
field (and magnetic field). Magnetic field will exert no 
force. The force by electric field will be along the lines 
of uniform electric field. Hence the particle will move in 
a Straight line. 


100x 4 
3 
200 xi 


52 _ Monae Bo 
By Mom 6 agx102 


— 6.28x10~ 


= B, =1.05x 10°? Wb/ m? 


Here, current is uniformly distributed across the cross- 
section of the wire, therefore, current enclosed in the 


amperean path formed at a distance 4 (- é) 


(oe?) | 
— [ Z| x J , where / is total current 
Ta 


“. Magnetic field at P, is 


ly x current enclosed 


B, = 

Path 

2 
(aie 
Ho | ae 

Ta Lo xIn 
> By = = 

2TH 2na 


Now, magnetic field at point P,, 


Ho fF ol 


2 2n (2a) 4na’ 


By _ Bol | Ana 


-. Required ratio= 
Hol 


By 2na? 


a a 
25. () There is nocurrent inside the pipe. Therefore 
} B.dl= Hol 
I=0 
B=0 


Here, E and B are perpendicular to each other and 


26. (b) 


the velocity y does not change; therefore 
E 
E = vB > yvr=— 
qu -q B 
Also, 


ExB| EBsn® EB sin 90° _ E _igyey 
a rr a a 
NOTE : When a charged particle enters a magnetic 
field at a direction perpendicular to the direction of 
motion, the path of the motion 1s circular. In circular 
motion the direction of velocity changes at every point 
(the magnitude remains constant). 

Therefore, the tangential momentum will change at 
every point. But kinetic energy will remain constant as 


27. (b) 


it is given by =my and v* is the square of the 


magnitude of velocity which does not change. 

Clearly, the magnetic fields at a point P, equidistant 
from AOB and COD will have directions perpendicular 
to each other, as they are placed normal to each other. 


-. Resultant field, B= V B? + BS 


28. (Cc) 
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=5x10°T 

According to right hand g 
palm rule, the magnetic 
field is directed towards 
south. 


3 Ground 


For a diamagnetic material, the value of 1, 1s less than 
one. For any material, the value of 6, is always greater 


than 1. 
The magnetic field at O due to current in DA is 


I , 
‘= rong i (directed vertically upwards) 
Ana 6 
The magnetic field at O due to current in BC is 
oe aa x— (directed vertically downwards) 
Tt 


The magnetic field due to current AB and CD at O is 
Zero. 
Therefore the net magnetic field is 


B=B,-B, (directed vertically upwards) 


I I 
abel tat a ae 
a b 24ab 


Ape 4b . 6 24 

KEY CONCEPT: F = /(¢ x B) 
The force on AD and BC due to current / , is zero. This 
is because the directions of current element Jd? and 


magnetic field B are parallel. 
The magnetic field varies inversely with the distance 


for a long conductor. That is, B x - According to the 


magnitude and direction shown graph (1) is the correct 
one. 
d0 
Current in a small element, ¢/ = 9 
Magnetic field due to the element 


1p = 0. 2dl 
4n R 
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The component dB cos 9, of the field is cancelled by 
another opposite component. 
Therefore, 


18 
Bret =| dB sing = YO sinoadg = Hot 
= 2n7R 4 mR 


35. (a) The magnetic field due a disc is given as 


1OC ie. Hee 

27R R 

V2mv Vm 

36. (b) ee ea — 


Thus we have, %% =% <'%q 


37. (b) Given: M, =1.20Am? and M, =1.00Am? 


2 
r= AG = 0.1m 
2 


Bie = B, + BL + By 


Ho (M1, +M>) 
Bnet ay ee 
us r 


— 1077.2 +1) 


(0.1) 
38. (b) Work done in moving the conductor is, 


+3.6x107> =2.56 1077 wb/m? 


W= [, Fae 


2 
=| 3.0x10 +e 9 * x10 x 3dx 


i /=3m 

=10A 

ft 
X 


9x10° ox 
= ry ee ee mae B=3.0x10%e°** 
(By exponential function) 
3 
” ~~ e (1 0.4) 
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=9 x 10-7 x (0.33)=2.97 x 10°7J 
Power required to move the conductor 1s, 
W For unstable equilibrium M || (—B) 


p=— 
t 


— 2.97x107 
(0.2)x5x10° 
39. (c) Magnetic field in solenoid B= pn 


41. (a) Forstable equilibrium M||B 


= 2.97W 42. (b) Case(a): 


B Ue a _ 
a ie BA an An t/2n Cd 
(Where ” = number of turns per unit length) 
= Ho I x (2n)° 
BN 4n fl a 
=e ae: 
M0 Case (b): 
3 100i 
= ax10° = ee I 
=> i{=3A aay By=4x go — 5 [sin 45° + sin 45° 
40. () _ Letusconsider'¢' length of current carrying wire. - 

At equilibrium ; : 

T cos 8=Agl al Mo 1 32 
=A — ~ ——— —K  S X 2/9. 4 =] 

4n 0/8 J2 4né a=" 
ra 43. (c) IgG=(I-Ig)s 
“. 107 x 100=(10- 1077) x S 
; 3 ee » $x0.010 
é— Tin 9—sic— Lisi . 44. (b) Graph [A] is for material used for making permanent 
T sin 0 i magnets (high coercivity) 
(Ag Graph [B] is for making electromagnets and 
Uy Ix Fp wo 21xI transformers. 
and T sin 8@= — ee Gee 
2n 2Lsin@ C An 20sin@ 


Therefore, I = 2sin0 the 
U, cos O 
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A 
B 
C 


IS 


[c= 


m= Ia 


eee ee eae eee 


12. 


Electromagnetic Induction and 
Alternating Current 


Section-A : JEE Advanced/ IIT-JEE 


0.3 x 10sec, 10A 2. Left toright 
T 2. F 3. T 
(b) 2. (d) 3. (c) 4. (d) 5. (b) 6. (b) 7. (d) 
(a) 9. (d) 10. (b) 11. (a) 12. (¢) 13. (a) 14. (b) 
(d) 16. (b) 
(a, b, c) 2. (d) 3. (a,c,d) 4. (b) 5. (a,b,c,d) 6 (b) 7. (a,c) 
(a, c) 9. (a) 10. (c,d) 11. (a,d) 12. (a,b) 
Clockwise 2. ImV 3. Yes, opposite direction of A 4. 0.02 m/s, clockwise direction 

2 2amI(R+2ax) | 
(i) > © (ii) anticlockwise 6. (i) V (2), F = Bld+ “a (R+2Ax), (ii) [ A) 

: ss 7 6 l 
(a) —SV, 24.5 W (b) (i) 0.6 amp. (ii) 1.386 x 10-7 sec.,4.5x107J 8. 3 AMP. 55 amp, >> amp 
) (R 24 
1 m/s, 0.47 Q, 0.30 id. Gee @) Bar| Gil pee Eas 44, Sabb sc 
OR 4R 2 
(i) mss (ii) & 13. (a) Aen , anticlockwise (b) _oe Me) , upward 
Bee 2 R 


meR | Bie | 7 
ee te Ae 
Boa Boa 


12e'V, 3e 1944, clockwise 


He = 


“ ; a lo yee 
16. (a) =iR+15 OR Be2/- 24 © 2log, 2 


(a) PtoQ (b) IbBy(3k — 4) (©) J — 


ee 
? Upalyw7C In(2) 7 — Hone Ldiyw cost 


A 4 
18. 20A, — 19. =(4-*%) 20. 


(a) = > A 3 2pR 

A-t, s, t; B-q, r,s, t; C-p, q; D-q, r, s, t 

(b) 2. (d) 3. (c) 4. (a) 5. (b) 6. (b) 7. (b) 
(a) 

4 2. 7 3. 8 


Section-B : JEE Main/ AIEEE 


(b) 2. (d) 3. (d) 4. (b) 5. (b) 6. (d) 7. () 
(a) 9. (a) 10. (d) 11. (b) 12. (b) 13. (a) 14. (b) 
(c) 16. (d) 17. (a) 18. (b) 19. (a) 20. (b) 21. (c) 
. @ 23. (b) 24. (a) 25. (c) 26. (a) 27. (d) 28. (c) 
(b) 30. (b) 31. (d) 32. (c) 33. (a) 34. (b) 35. (d) 
. @ 37. (a) 38. (c) 39. (c) 40. (b) 41. (c) 42. (c) 
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g Section-A 


A. Fill in the Blanks 


The coil is broken into two identical coils. 


LIZREL 2. Fs 0.45 x 10-4 
— 4 
eq [/24+L/2 4 © H, 
p a Re Re _R 50 


eq R/24+R/2 4 
Leg _0.45x10™ 


Time constant = =(.3 x 104s 
eo 1.5 

Stead fae 75K 

teady current / = R. 15 


eq 
NOTE: As the source is switched off, the current 
decreases to zero. The induced current opposes the cause 
as per Lenz's law. Therefore, the induced current will direct 
from left to right. 


B. True/ False 


True. A copper wire consists of billions and billions of free 
electrons. When the wire is at rest, the average velocity of 
each electron is zero. But when the wire 1s in motion, the 
electrons have a net velocity in the direction of motion. 
NOTE : A charged particle moving in a magnetic field 


experiences a force given by F = q(v xB). 

Here also each electron experiences a force and therefore, 

electrons will move towards one end creating an emf 

between the two ends of a straight copper wire. 
NOTE : For induced emf to develop in a coil, the magnetic 
flux through it must change. 
But in this case the number of magnetic lines of force through 
the coil is not changing. Therefore the statement 1s false. 
NOTE : When conduction rod AB 
moves parallel to x-axis in a uniform 
magnetic field pointing in the 
positive z-direction, then 
according to Fleming’s left hand 
rule, the electrons will experience 
a force towards B. Hence, the end 
A will become positive. 


C. MCQs with ONE Correct Answer 
(b) Thecurrent induced will be 


_ fel ldo _ ag 
=— > j= —— mente 
R Rat Bue dt 
dq ldo | BA 
— = ——- > | da=—idb=> q=— 
dt Rat J aq ra 9 q R 


(d) Induced emf produced across MNO will be same as the 
induced emf produced in straight wire MQ. 

. e@=Bvl=Bv~x 2R with Q at higher potential. 

(c) When the current in the loop A increases, the magnetic 
lines of force in loop B also increases as loop A is 
placed near loop B. This induces an emf in B in sucha 
direction that current flows opposite in B (as compared 
to A). 


(d) 


(b) 


(b) 


(d) 
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Since currents are in opposite direction, the loop B is 


repelled by loop A. 
B A 
KEY CONCEPT : Using /=J, (1-e) 
V L 
he ea 
But Jo R and tT R 
ae ge c _ 9 6t/8.4x10 
R 6 
= | (given) 
t= 0.97 x10-7s =1ms 
p Edt SA 4 BA = Lary cos 0°) = Yael 
dt dt at dt 


B 
> E(2mr)= ma’ < forr >a 


KEY CONCEPT : The magnetic field at the centre of 
the coil 

B(t) = onl. 
As the current increases, B will also increase with time 
till 1t reaches a maximum value (when the current 
becomes steady). 


The induced emf in the ring 
do d —- d 

e = —— = —— (B.A) = —A—(upnl 
= 7 ) Ho 1) 
The induced current in the ring 

|e|  MgnA dl, 

bjs = et 
0 RR at 


[NOTE : a decreases with time and hence J, also 


decreases with time. ] 
Where J, =I, (1-7) 
The relevant graphs are 


B(1)xL,(0) 


—> time 


—-> time 
NOTE: Electric field will be induced, as ABCD moves, 
in both AD and BC. The metallic square loop moves in 
its own plane with velocity v. A uniform magnetic field 
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8. = (a) 
9. @) 
10. (b) 
11. (a) 


is imposed perpendicular to the plane of the square 
loop. AD and BC are perpendicular to the velocity as 
well as perpendicular to applied. 


Clearly the flux linkage is maximum in case (a) due to 
the spatial arrangement of the two loops. 


When switch S is closed, a magnetic field is set-up in 
the space around P. The field lines threading Q 
increases in the direction from right to left. According 


to Lenz's law, lo, will flow so as to oppose the cause 
and flow in anticlockwise direction as seen by E. 


Reverse is the case when S is opened./p, will be 


clockwise. 
KEY CONCEPT : 
2 2 2 2 
p=2 -¥ (a) =| way | 
R pl\dt ol | dt 


dt 


2 2 22 
-© ve(B) = pM 
ol 

2,2 4N)*(r/2)° 
Case: Re Case 2: Fy 


NOTE : When we decrease the radius of the wire, its 
length increases but volume remains the same] 


Py 
P, | 
”. Power remains the same. 


NOTE : Since current leads emf (as seen from the 
graph), therefore, this is an R—C circuit. 


Xc-X 
tang = ——— £ 


Here = 45° 
Xc=R LX, = 0 as there is no inductor] 


1 
—=R RCo=1 
oC = oe 


12. (c) KEY CONCEPT: Initially, 0, increases as magnet 
approaches the solenoid 
‘.  € =-—ve and increasing in magnitude. When 
magnet is moving inside the solenoid, increase in op 
slow down and finally $, starts decreasing 
emf is positive and increasing. 
Only graph (c) shows these characteristic. 
13. KEY CONCEPT : For a current to induce in cylindrical 
conducting rod, 

(a) the conducting rod should cut magnetic lines of force 
which will happen only when the conducting rod is 
moving. Since conducting rod is at rest, no current will 
be induced. 

(b) the magnitude/direction of the magnetic field changes. 
A changing magnetic field will create an electric field 
which can apply force on the free electrons of the 
conducting rod and a current will get induced. 

But since the magnetic field 1s constant, no current will 
be induced. 


me] 


14. (b) KEYCONCEPT: 
Time constant of R—C circuit IST Ke oe 
G@) t=2+1)2+4)=18ys 


-— (35 | 4) - Sus 
@) 2 "| a,7Wloga} 9? 


Oi | 


(iii) 73 (F544) =4u 


15. @) The magnetic field is increasing in the downward 
direction. Therefore, according to Lenz’s law the current 
I, will flow in the direction ab and J, in the direction dc. 


-_ 
16. (b) L,,. = ——>= 
R? 4 es 
aC 
As w increases, J. increases. Therefore the bulb glows 
brighter. 


D. MCQs with ONE or MORE THAN ONE Correct 
1. (a,b,c) 


| 
RC’ R/L and 1/VLC have the dimensions of frequency. 


2. (@ NOTE: Since the rate of change of magnetic flux is 


zero, hence there will be no net induced emf and hence 
no current flowing in the loop. 
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j, _£,-8mH j,  L)=2mH 


3 od eT TTT IT — 


Rate of change of current — 4. = m(say) 
t 


Induced emf ), =- FD =-8x105 xm 


mek 
Vv, 4 
Power P=V, i, =8x 1077 xm*xi, 
di 
Rate of change of current = a = m(given) 
diy _ 3 
Induced emf, V> = —-L, —2x10°°xm 


dt 
Power P=V, 1, =2 x 10-3 x mx iD) 
Since Power is equal 


l e 
Energy M => hit = owe a 


8 x 10-3 x mi, =2 x10~? mi, 
i, 1 


= a (1) 


2 


3 2 
i le ee eer 4 [from (i)] 
W, 4x10° x iy 4 
KEY CONCEPT : The magnetic field due to a current 
flowing in a wire of finite length is given by 


Hol : : 
&B=—(sina+sin 
AnR ( B) 


Applying the above formula for AB for finding the field 
at O, we get 


— 404 _ (gin 45° + sin 45°) — Hol 
4n(L/2) J2nL 
acting perpendicular to the plane of paper upwards 
The total magnetic field due to current flowing 
through ABCD is 


— Abo _ 2V2 ol) 


V2 nL TL 
The total flux passing through the square EFGH 
2V2 Upl 
bo =Bx 0? = 242 Hol Lye? (i) 
Tt 


[°. 2 >L and therefore, B can be assumed 

constant for ¢7] 

The flux through small square loop is directly 

proportional to the current passing through big square 
loop. 
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“. O <1, => o= MI where M= Mutual Conductance 


; 2V2 pol ie oe 
M, _ nile TL zz Ho x (2 
I l h TTL 
2 
> M ee 
7B 
(a, b, c, d) 
i: es een weber 
ampere 
di 
(8 
(b) di 
e volt — second 
= —-— henry = ——————— 
(di/dt) ampere 
(c) U=sLP 
io 2U or henry= ele 
i (ampere) 


d) U= 12-2? Re 
@) U=; 


L=R.t or henry = ohm-second. 


Oo x x xx x xB 
x x xlx x xX 
Xx xX Xi! vac 
x x xix x xX 


X %® XBlxX XX xX 


A motional emf, e= Blv is induced in the rod. Or we can say 
a potential difference is induced between the two ends of 
the rod AB, with A at higher potential and B at lower potential. 
Due to this potential difference, there is an electric field in 
the rod. 


2 
| 
(a,c) We know that Z = RR? + | 
WC 


The capacitance in case B is four times the capacitance in 
case A 
.. Impedance in case B is less then that of case A (Zp < Z,) 


Nowl+— 

ow 7 
“Ip <Ip. option (a) 1s correct. 
Re Vi < Ve ; 


=> Ve>oVe 
[-.: If V is the applied potential difference access 


series R-C circuit then V = WV + Ve ] 


.. (c) 1s the correct option. 
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8. (a,c) Impedance across AB 


2 
| 1 2 
Z, = JX? + Ri = (=) + Ry 


= /(100)2 +(100)2 =100V2 B 
3) 


V 20 © 
L=—-=—S= leads emfb =e 
|" Z, 100V2 ven B 
where cos , = ie eee => 0 =45° Circular 
Z, 100J2 2 loop 


When the current is decreasing at a steady rate then 
the change in the flux (decreasing inwards) on the right 
half of the wire is equal to the change in flux (decreasing 
outwards) on the left half of the wire such that Ao 
through the circular loop is zero. 

10. (c,d) J=cos 500t 


20V 


Impedance across CD is 


Z,= |X? +R3 = (@L)* + RS 
= (0.5 x 100)? + (50)? =50V2 Q 


V 20 
L=—=—=> leads emfb 
"Ze 502 | ve) 


R=10Q0 
7% 1 
Till t = — , the charge will be maximum at —— 
6@ 2@ 
. t/2o sinsooey™ 
Q’= | cos500r dt = | Zo 
50 1 0 


R 
where cos 5 = — = ——= = —= > oy = 45° 
0) Ze 50 J2 2 0) : 
The current / from the circuit is = ann 500 x os ) x6 
9. (a) Emfwill be induced in the circular wire loop when flux 
through it changes with time. 


.”. (a) 1s incorrect 


me , 7 
From the graph it is clear that just before ¢ = = , the 
wo 


Ad 
At current is in anticlockwise direction. 
when the current is constant, the flux changing through .”. (b) is incorrect 


it will be zero. 
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At t= = , the charge on the upper plate of capacitor 
w 


1S 
Tm 
60 
| cos 500¢ dt = sigsin{ 500% it 
; 500 6 x 500 


ee ee 
500 2 


Now applying KVL (when A is just connected to D) 


10° 
20x10° 
.”. (c) is the correct option. 
The maximum charge on C is O= CV=20 x 10 x 50 
=10°C 
Therefore, the total charge flown =2 x 10-3 C 
.. (d) 1s the correct option. 


11. (ad) 
The flux passing through the triangular wire ifi current flows 
through the inifinitely long conducting wire 


50+ —ixl0=0 >i=l10A 


0.1 j A B 
= { ox 2nd 
27X 
0 
10 cm 
Lo! . 
=—— = Mi 
: 10x 
seu ios" 
10x dt 
di 
Induced emf in the wire = MH =" x10 al) 
dt 10x T 


As the current in the triangular wire is decreasing the induced 
current in AB is in the same direction as the current in the 
hypotenuse of the triangular wire. Therefore force will be 
repulsive. 


_ BLv fan ae a seas 
12. (a,b) 1=——— -() [Counter clockwise direction 


R 
while entering, Zero when completely 
inside and clockwise while exiting] 
ay 
F=iLB= R —(i1) [Toward left while entering 


and exiting and zero when completely inside] 
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B’L 
VV ea 
0 mR ° 
B’L’x 
vay. BEX _«@ 
0 mR ” 


[V decreases from x=0 to x=L, remains constant 
for x = L to x= 3L again decreases from x=3L to x=4L] 


From (1) and (iii) 
272 
7 ak BL J 
R mR 


[1 decreases from x=0 to x=L 1 becomes zero from x = L tox =3L 
i changes direction and decreases from x = 3L to x =4L] 
These characteristics are shown in graph (a) and (b) only. 


E. Subjective Problems 


1. The magnetic lines of force due to current flowing in wire 
AB is shown. 
NOTE : As the current increases, the number of magnetic 
lines of force passing through the loop increases in the 
outward direction. To oppose this change, the current will 
flow in the clockwise direction. 


A ——»>———_»>——_-5 


2. KEY CONCEPT: This is based on motional emf. 


180 km/h=50m/s 


e=vBl =50x0.2x 104 1 =10- volt = 1 milli volt 


\ 
| 


/C 
Fixed 
NOTE : When the coil 4 moves towards B, the number of 
magnetic lines of force passing through B changes. 
Therefore, an induced emf and hence induced current 1s 
produced in B. 
The direction of current in B will be such as to oppose the 
field change in B and therefore, will be in the opposite 
direction of A. 


Fixed 
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4. 
= | = 33 
NOTE : The network behaves like a balanced wheatstone 
bridge. 
The free electrons in the portion MN of the rod have a 
velocity v in the right direction. Applying Fleming’s left hand 
rule, we find that the force on electron will be towards N. 
Hence, M will be + ve and N will be negative. Current will 
flow in clockwise direction. 
The induced emf developed is given by 
e= vBl =vx2 x0.1=0.2v ..(1) 
Now, e=JR 
e=10-3x4=4x10> amp __{ii) 
From (1) and (ii), 
0.2v=4x103 
3 
v= = = 0.02 m/s 
5. (i) Induced emf 
d 
= sae = ——(Bx A) 
at d 
--4/a(5/) 1,248 1,2 
at| \2 2 dt 2 
£__1Br'e 1 Bre 
RR 2 R 2 R 
Region I : Region I 
0) 4 
\y xX X* X X 
mS & X xX X 
C 
x MX X X 
Kx x xX xX XK 
| 
KX * X X X 
| e 
x xX X X X X 


(ui) 


(iil) 


The loop is entering in the magnetic field and hence 
magnetic lines of force passing through the loop is 
increasing in the downward direction. Therefore, current 
will flow in the loop in such a direction which will 
oppose the change. The current will flow in the anti- 
clockwise direction. 

Graph between induced emf and period of rotation: 
For first half rotation, (¢ = 7/2), when the loop enters 
the field, the current is in anticlockwise direction. 


(i) 


(ii) 
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Magnitude of current remains constant at 


l= Bor? /2R. 


For next half rotation, when the loop comes out of the 
field, current of the same magnitude is set up clockwise. 
Anticlockwise current is supposed to be positive. The 
I-t graph is shown in the figure for two periods of 
rotation. 

A variable force F is applied to the rod MN such that as 
the rod moves in the uniform magnetic field a constant 
current flows through R. Consider the loop MPQON. 
Let MN be at a distance x from PQ. 

Length of rails in loop = 2x 


x x 


Resistance of rails in loop = 2xA 
Total resistance of loop = R + 2Ax 
Induced emf = Byd 


fidaacd ‘= Byd 
nduced curren ae 
So for constant J, 
(R + 2Ax) ; 
— ~—______+ ] 
Vv Bd (1) 


Furthermore, as due to induced current / the wire will 
experienceaforceF,,,= Bld opposite to its motion, the 
equation of motion of the wire will be 

F-Fy,=ma te, F=Fy,+ma 
But as here F’,, = Bld and from equation (1) 


dv 2M dx 2A 201? 


q=— = SK (R + 22x) 
dt Bd dt Bd (Bay 
2 
Se 17 a ge 
Bd) 
As the work done by force F' per sec. 
2 
OY epee pen (es ad 
dt (Bd)* Bd 
3 
ie, P=|I2(R+20x) 4 (r+ 202) 
3 373 
Bed 
and heat produced per second, 1.e., joule heat 
H =17(R+2ax) 
-] 
_H _[,. 2amI(R+2dx) 
gat a nee 
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7. (a 
(b) 


o—_————  ——— )SEOlopic-wise Solved Papers - PHYSICS 


(i) In this case S and J are connected. 


C=2F 


A 3y 


Using Kirchhoff’s law in ABCDGA 
+3—-J[,x2-12+1,x2=0 
21,-21,=9 ...(1) 

Applying Kirchhoff ’s law in DEFGD 
— 27, +12-U,+1,)2=0 

=> 21,+1=6 ...{i) 


From (1) and (11) J, = = amp. 


From (11) /, =—1 amp. 
To find potential difference between A and B 

Vt+3-C1)x2=Vzp > Vi-V_g=-SV 
The rate of production of heat in R, 

2 

=I? R, = (21) x2=24.5W 
(1) When the switch is put in position 2 then the active 
circuit will be as shown in the figure. 


10mH I 


When the steady state current is reached then the 
inductor plays no role in the circuit 

E,=I1(R, + Ry) 
> [= : = 0.6amp. 


(1) KEY CONCEPT : The growth of current in Z—R 
circuit is given by the expression 


R 
l=I ——t 
u od L 


8. 


R 
——t 
When I =— , then = I l-e L 
mt _&, 
> -=l-e4 Det = 
Taking log on both sides 


4 
logge 4 = log. 


R L -3 
=> 27 = 0.6931 = 0.693— = 2:6730%x10x10 © 
: R (2+3) 

when R=R,+R, 
=> t=1.386x 10~ sec. Thus this much time is required 


for current to reach half of its steady value. 
The energy stored by the inductor at that time is given 


2 
by E=s1P == «10x10 «(25) =45x104J 


The equivalent circuit is drawn in the adjacent figure. 


1Q 


NOTE : As the magnetic field increases in the downward 
direction, an induced emf will be produced in the AEFD as 
well as in the circuit EBCF such that the current flowing in 
the loop creates magnetic lines of force in the upward 
direction (to the plane of paper). 

Thus, the current should flow in the anticlockwise direction 
in both the loops. 


Induced emf in loop AEF'D 
ee ia Sitesi 
at dt at 
Induced emf in loop EBCF 
do d dB 
ey ae — — 
e Ht hi Ht 0.5 x 1=—0.5 volt 


Let the current flowing in the branch EADF bei, and the 
current flowing in the branch FCBE be i,. Applying junction 
law at F, we get current in branch FE to be (i, — i) 
Applying Kirchhoff ’s law in loop EADFE 

—1xi,-1xi,+1-1xi,-1(,-i,)=0 
=> 4i,-i,=1 ... (I) 
Applying Kirchhoff's law in loop EBCFE 

+ 0.5i,;-0.5+ li, + 0.57, -1(, -i,)=0 

—1, +3i,=0.5 ... (il) 

Solving (i) and (11) 

11 i, =3.5 
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10. 


fi 


Also 1li, =3 
Sy ea ag pieg 
2 22 


Current in segment AE =i, = A 


6 
Current in segment BE =i, = ae 


Current in segment EF = (i, — iy) = 4 


KEY CONCEPT : We can 
understand the direction of flow 
of induced currents by imagining 
a fictitious battery to be attached 
between FE and F. The direction of 
induced current can be found with 
the help of Lenz’s law. 


NOTE : P.d. across parallel 
combinations remains the same 
Also, P, = ei, =0.76 W 

and P, = ei, =1.2W 


i 1.76 | 1.76. : 
rr a | (eran! by ... (i) 
) L2 | ee 


The horizontal metallic bar Z moves with a terminal velocity. 
This means that the net force on the bar is zero. 

B (i, +i, )= mg 
mg | 0.2 x9.8 7 49 


as = Bae ie 
i, +1, Br 06x15 amp. ...... (111) 
From (ii) and (111) 
1.76 | - _ 49 
i is 


The induced emf across Z due to the movement of bar Z in a 
magnetic field 


e 0.6 
Bp Se a ee ay 
Cae! = ay area : 
Also from (1), 
e 0.6 e 0.6 
Re) 20 A1Gaad Ria 80 
i, 19/15 oe 


(i) (a) Let us consider a small length of metal rod dx at a 
distance x from the origin. Small amount of emf (de) 
induced in this small length (due to metallic rod cutting 
magnetic lines of force) is 


de = B (dx) v ...(I) 
where v is the velocity of small length dx 
Vv=x@ .. (i) 


The total emf acoss the whole metallic rod OA 1s 
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r 


2 z 
B 
e= | Bxwdx = Bo 5's a 
0 2 


0 
(b) The above diagram can be reconstructed as the 
adjacent figure. e is a constant. O will accumulate 
positive charge and A negative. When the switch S is 
closed, transient current at any time ¢, when current / is 


flowing in the circuit, 
I=1, (1-e!'*) 
Here, 
e Bor’ 
Laas I 
R  2R 5 
and T= Zz : 
= R R Z 


Bor? -(2): 
Therefore, J =——[l-e : ] L 
2R 
(1) In steady state, 


2 R 
T= sel [-.. thas a large value and a — 0] 


NOTE : When current flows in the circuit in steady state, 
there is a power loss through the resistor. 

Also since the rod is rotating in a vertical plane, work needs 
to be done to keep it at constant angular speed. 

Power loss due to current J will be 


2 
paPre( Se R 


If torque required for this power 


is tT, then 
P= TO) 
B*r*o 
> TWH 


4R 
Torque required to move the rod in circular motion against 
gravitational field 


r 
T, = mg x Sy 


The total torque 


T=T,+T, (Clockwise) 
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11. 


12. 


4R 
The required torque will be of same magnitude and in 
anticlockwise direction. The second term will change signs 
as the value of cos 9 can be positive as well as negative. 
KEY CONCEPT : Let /, be the current at steady state. The 
magnetic energy stored in the inductor at this state will be 


r=10H 


R=20 


10V 


l 
E=—LI i 


This is the maximum energy stored in the inductor. The 
current in the circuit for one fourth of this energy can be 
found as 


1 i) 
—xF=-—L] ii 
he 5 ... (1) 
Dividing equation (1) and (11) 
Mgt 
— LI 
I 
7 ame | 
= LI" : 
2 
Also, V=1,R 
Ve 10 In 5 
ae ee . s f=—=—=2.5amp. 
=> Io a5 5 amp er p 


The equation for growth of current in Z-R circuit is 
T=I,(1-e-*®“] 


l 


=> 2.5=5[l-e7~ 2419) => = =1]~e 3/5 


=> t=Slog,2=2 x 2.303 x 0.3010 =3.466 sec. 

KEY CONCEPT : Ifv is the velocity of the rod at any time 
t, induced emf is BvZ and so induced current in the rod 

_ Inducede.mf. Bul 

. R oR 

Due to this current, the rod in the field B will experience a 
force 


I 


DD 
Pepin 


(opposite to its motion) ... (1) 


So, equation of motion of the rod will be, 
T—F=0xa,1.e.,T=F —[asrod is massless] 


B?L’y 0) 
mR 7 


So rod will acquire terminal velocity when its acceleration is 
ZerO 1.€., 


mg—T=ma >a=> oS =g- 


B°L vp ; mgR 
—— =O le. Vr =? 
mR BL 


13. 


o—_———— — )SEOlopic-wise Solved Papers - PHYSICS 


Vv 
For the case when velocity is 


_ Vr __mgkR 
2 2B? 
Substituting this value of velocity in eq. (2) we get 
252 
B°L” 1 mgR ] g 
a=g- = =o 2S 
oT mR 2 Bee F282 


Suppose at t=0, y=O andt=t, y=y 
(a) Total magnetic flux = B.A 


7 Boy ~ 
where 4-,7f and B= “07 j 
a 
B 
6 OY a = Byya 
a 
do dy 
Netemf.. e = -— = —Bna— = —Boav(t 
etemf, 7 of oav(t) 
As total resistance = R 
ore Je|_ Boav(t) 
aks i 


NOTE : Nowas loop goes down, magnetic flux linked with 
it increases, hence induced current flows in such a direction 
so as to reduce the magnetic flux linked with it. Hence, 
induced current flows in anticlockwise direction. 

(b) Each side of the cube will experience a force as shown 
(since a current carrying segment in a magnetic field 
experiences a force). 


2a. ge we ~ Boye a 
Fi = i(@«B) = i{ -a x oY f| = Boy x J); 
a 


va A B + A A 
F; = (+a <Ao+ og) =iR Ga); 
a 
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NOTE: F? = _F4 and hence will cancel out each other. 


202 
ne pers <<, — — . A B a v(t m~ 
Net force, F = F)+ F2 +F34F4 = —iBy aj = 2 R oO 


Lee 
(c) Total net force = mg j+F = im — Bo rad }. 


pa 
Chane _ Boa v(t) 
dt R 


dt 


dv f, 


Vv 
Integrating it, we get, I, padi 5} (1) = 
avy 
ea 


mR 


0 
=f 
= aa 
mR 
Boa’ v(t) 
mR Byavt 
or log = 
g mR 


Boa? vit) _ {85.71} /mR 
mg 


= — v(t); 
meR (7) 
R —( Beat) /mR 
(=> l (5 \/m 
Boa 
When terminal velocity is attained, v (¢) does not depend 
on ¢ 
mgR 
v(j= ae 
od 


14. This isa question on growth and rise of current. 
GROWTH OF CURRENT: Letat any instant of time t the 
current be as shown in the figure. 

Applying Kirchoff’s law in the loop ABCDFGA 
we get, starting from G moving clockwise 


if A 
ae aa =0 
dat 
12V 
E|) -7 
or J, =—|1l-e # 
Ry 
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Also we know that the emf(V) produced across the inductor 


Ro 

—<t 
V=-Ee " .Herethenegative sign shows the opposition 
to the growth of current. 

2 
re 
V=12e 400x10> =12e'volt 

DECAY OF CURRENT: When the switch is opened, the 
branch AG 1s out of the circuit. Therefore, the current decays 


through the circuit CBF'DC (in clockwise direction). 
Applying Kirchhoff's law 
Ldl\ | 


I(R,+R,)- es = 0 


a en (Ate) at 
I L 
On integrating, 
I dal (R, + R>) t 
aaa aa 
a (Ry) +R )t 
I=Ie L 


Ry +R _ 24+2 _ 

L 400x103 | 
fb 

R, + Ry 4 


1=3e!% 4 clockwise. 
Alternatively, you may directly find the time constant 


Here, 10 


and Iy= 3A 


and use the equation i = ije~‘'* where iy = 64 


ft 
Ri + Ro 


15. Let us consider the current in the clockwise direction in 
loop PORS. Force on wire QR, 


For =1(¢x B) = I[(ai)x (31+ 4k) Bo] 


= I By Bai xi+ 4aixk] =1B,[0+4a(- j )|=—4aBol j 
Z 


Force on wire PS 
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F ps = I(¢x B) = I[a(-i) x (3 +4k) By] = 4aBol i 
Thus we see that force on OR is equal and opposite to that 


on PS and balance each other. 
The force on RS is 


F rs =1(¢x B)=1[b(—j) x Gi +4k) Bo] 
= [ bBo [3k —4i] (i) 
The torque about PQ by this force is 
TRS = rxF = (ia) x (3k — 4i) IbBo 


= I abBy (3) ... (ii) 
The torque about PQ due to weight of the wire PORS is 


om(2 


For the wire loop to be horizontal, we have to equate (11) and 


... (Ill) 


a 
(i) 3/abBy = mg > 


ee oes 
6bBo 
Therefore, 
(a) The direction of current assumed is right. This is 
because torque due to mg and current are in opposite 
directions. Therefore, current is from P to Q. 


... (IV) 


(b) From(i), Frs = IbBy(3k —4i) 


From (iv), [= —= 

(c) From (iv), 6aBy 

(a) KEY CONCEPT : As the metal bar 4B moves towards 
the right, the magnetic flux in the loop ABCD increases 
in the downward direction. By Lenz's law, to oppose 
this, current will flow in anticlockwise direction as 
shown in figure. 


Applying Kirchhoff's loop law in ABCD, we get 


do_. di 
—-iR+L— 
a a ...) 


o—_———— ——— )SEOlopic-wise Solved Papers - PHYSICS 


(b) Let AB beat a distance x from the long straight wire at 
any instant of time ¢ during its motion. The magnetic 
field at that instant at AB due to long straight current 


Carrying wire 1s 
I 

R= Loto 
2X 


The change in flux through ABCD in time dt is 
dp=B(dA)= Bldx 


Therefore, the total flux change when metal bar moves 
from a distance Xp to 2x9 is 


of," Hove Holo 1, ae of 


_ 2x9 
Ad= | wy Blat= sax 


—x_ Lloge a 


Tol 
= F0°0" tog, 2 ...(ii) 
27 


The charge flowing through resistance R in time 71s 


T. T 1 di 
g= Io idt = I | Fic ~ —-L— oa [from eq. (1)] 


l -T 1 oe | L., 
= ol Findiiced 4! > |g 41 = AO hl 


] Ig ft L 
g= eee 2 Ril 


R| on from eq. (11) 


(c) When the metal bar AB is stopped, the rate of change 
of magnetic flux through ABCD becomes zero. 
From (1), 


iR=-L Z 

at 
(od L ae 
T Rey ij 


R- 2log, 2 


17. (a) Let usconsider a small strip of thickness dx as shown 
in the figure. 
The magnetic field at this strip 
B=B,+B, 
(Perpendicular to the plane of paper directed upwards) 


Hot Ho 7 
2nx 2m (3a-x) 


B , = Magnetic field due to current in wire A 


aad 
2n|x 3a-x 


B= Magnetic field due to current in wire B 
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Ay 
aX 


Small amount of magnetic flux passing through the strip 


of thickness dx is 
_ _ Mola x3adx 
CO = 2n x(3a—x) 


Total flux through the square loop 


2 
= ig Lol x 3a dx : Upla as 
2m x(3a-x) Tt 
aln(2 
= aa (J, sin wt) 
The emf produced 
I 
= a a EOE Oe ——— In (2) cos wt 
dt 
Charge stored in the capacitor 
al yo 
q=Cxe=Cx in 2) COS Ot... (1) 
Current in the loop 
2 
Ae ONE 0 Oyen 
dt 
_ Ugala*C In (2) 
max Tr 


(b) From (i), the graph between charge and time is 


~~ Q, 
C x Ugalyo In (2) 
Here, gy = ————_ ——_ 
T 
18. Given, V,,.=220V 
v=50 Hz, L=35 mH, R=110 
Impedance 
Z= \(@L)* + R* =11V2Q 
Vo 
also, Ip = 7 


19. 


20. 
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Vino N2 
Vo Vins J2 I) = ms? =20A 
R_ 1 eee: 
COs 0 = 7 "a . OF A 
graph is given by. 


| V = WV, sinot 


*. 
” » 
* wy 
| ° 
x . 
0 —= = = O 
< ie. 


oy =I sin(@ tH ie/ 


+ 
> 
“@aant 


NOTE : After a long time capacitor will be fully charged, 
hence no current will flow through capacitor and all the 
current will flow from inductor. Since current is D.C., 
resistance of L is zero. 


-(4+R}x4 _ 3R 
Seq (4 27 NT a 


F E+E 7 g 2€ 
=, -——__ => tt 
Reg Reg (GR/4)+H +n 
Potential drop across A 1s 
2€ 


é—Ir,;=0 > &= 


(3R/4)+44+% 


4 
> r,=r+3R/4 or R= gt) 
KEY CONCEPT : The magnetic field in the solenoid is given 
by 


B= Up ni 
k——— R ——_> 
t-a—> 


aegypti 
I 


=> B= Up Nig sin wt - 1 =ig = sin ot (given)] 
The magnetic flux linked me the solenoid 


eval 


P-S-230 
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6= B.A =BAcos90° = (Mp Nip Sin wr) (na?) 


dd _ 2. 
cA =TUona Ig @ COS Mt 


The same rate of change of flux is linked with the cylindrical 
shell. By the principle of electromagnetic induction, the 
induced emf produced in the cylindrical shell is 


TOP VIEW 
_ do oe ; 
e= ae —TUgna ig @Cos@t _... (i) 
The resistance offered by the cylindrical shell to the flow of 
induced current J will be 
wicak 
Here, €=2nR and A=Lxd 
R= 2nR ‘ 
p ld ... (Il) 


CO 


=e 


The induced current / will be 


— 


[= 


p= 1el _ [emonatig wcos et] x Ld 


R px2nR 


Una? Ld ig © cos wt 
2pR 


F. Match the Following 


1. A-ns,t; B-q,r,s,t; C-p,q; D-q,1s,¢ 
The following are the important concepts which are applied 


(1) 


(ii) 


(iui) 


in the given situation. 

For DC circuit, in steady state, the current J through 
the capacitor is zero. In case of L-C circuit, the potential 
difference across the inductor is zero and that across 
the capacitor is equal to the applied potential difference. 
In case of L-R circuit, the potential difference across 
inductor is zero across resistor 1s equal to the applied 
voltage. 

For AC circuit in steady state, /.,,, current flows 
through the capacitor, inductor and resistor. The 
potential difference across resistor, inductor and 
capacitor is proportional to /. 

For DC circuit, for changing current, the potential 
difference across inductor, capacitor or resistor 1s 
proportional to the current. 


(b) 


(d) 


(c) 


(a) 


G. Comprehension Based Questions 


For charging of R-C circuit, Q= Qy [1 —e~"*] when 
the charging is complete, the potential difference 
between the capacitor plates will be V. The charge 
stored in this case will be maximum. 

Therefore, Oy = CV. 


—2T 
When t= 21, O= wih | 
=CV[1-e7] 


V 
R 
c ' 
S5 
L 


The instantaneous charge on plates at any time ¢ during 
discharging is 


O= Qo Cos wt 
Instantaneous current, 
dQ 
l= —=Q)osinot 
5 Qo 


— Gx I 
| 
L 
The magnitude of maximum current 


lax = Oyo 


| 
Here Qy = CV and w= Nival 


l C 
| rs Oe Tie = y JE 


Apply Kirchhoff 's law in the circuit 


dl 
C at C at 
d ( 4 d*Q 
= —| —-—= | = -LC — 
EN alt dt? 
For step up transformer Ns _ Ms = 10 a2 Vs 
p Vp 1 4000 
V,= 40,000 V 
For step down transformer a = “p 
S Vs 
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S ©) 
6. (db) 


_ 40,000 200 
2001 


(a) is the correct option. 
We know that P= V x I 


r= P _ 6001000 
Vv 4000 
I= 150A 


Total resistance = 0.4 x 20=8Q0 
Power dissipated as heat = IR = (150)? x 8 
= 180,000W = 180 kW 


% loss = = x 100 = 30% 


(b) is the correct option. 


>> —-do d 9) > dB 
= —!-~-— (BnR~)=—nR* — 
J E.dl=— hq aR") =—aR" 
=—nR7B 
“. Ex2nR=—7R2B 
_-BR 


eS ae 
2 


(b) is the correct option. 

Given M=yL 

M=ymoR2 

M=ym (Aq) R2 (1) 


QxB 
2m 


But Ao = 


From (1) and(2) AM= —y m (22) R* = 


The negative sign shows that change is opposite to 
the direction of B. 
(b) is the correct option. 


H. Assertion & Reason Type Questions 


1. (a) As shown in the figure the horizontal component of 


the magnetic field interacts with the induced current 
produced in the conducting ring which produces an 
average force in the upward direction. (Fleming's left 
hand rule). 


Fe I 


/ 


By 


Conducting ring 
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I. Integer Value Correct Type 
(4) Timeconstant =RC 


2 

l 
Imped = ,|R° (+) 
mpedance aC 


Given impedance = R./].25 


a 
l 
= R? (+) 
RV1.25 at 


2 2 
eT 
eae Og 

“, RC=4ms 


(7) The magnetic field due to current carrying wire at the 
location of square loop is 


= Ho 2niR? _ Uo 1 


~ Am (R243R2)9/216R 
The mutual induction 


M= Ne 2) fo" x @? cos 45° 
1 116K 


1mH 30 
(8) NO0OU 


OVC 
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1. (b) Theimpedance triangle for resistance (R) and inductor 
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El Section-B 


(L) connected in series is shown in the figure. 


R 
Power factor cosd= ae 


The induced emf 1s 
_-db__d(B.A)_ -d(BAcos0°) 
dt dt dt 


pGA__pallxx) __ pd 


= —B({—=-Bly 


—“=-B 
dt dt dt 


a oe 


These three inductors are connected in parallel. The 
equivalent inductance L, is given by 


] ] l ] 1 1 1 3 
a 4 SY YH = = 1] 
Ly, lh lz 3 3 3 3 
WL, =1 
4, ©) N,, = 140, N,= 280, 1, =44,1,=? 
For a transf = 
Or a (ansrormer I, N, 
Te MO vn 
4 280 s 


5. — b) 
6 @ 
7. () 


Mutual conductance depends on the relative position 
and orientation of the two coils. 
Ad -ACLD) © Al 


At At At 


4 
gar => 8=Lx 
At 0.05 


_ 8 x 0.05 


= = 0.1H 


When the capacitor is completely charged, the total 
energy in the L.C circuit is with the capacitor and that 
energy 1S 


10. 


11. 


12. 


13. 


14. 


(a) 


(a) 


(d) 


(b) 


(b) 


(a) 


(b) 


When half energy is with the capacitor in the form of 
electric field between the plates of the capacitor we get 
E 10” 

oS — where Q'is the charge on one plate of 


the capacitor 


Is peel 6 emer, eo 

sa seer = 
aC V2 

Laminated core provide less area of cross-section for 

the current to flow. Because of this, resistance of the 

core increases and current decreases thereby 

decreasing the eddy current losses. 

D.C. ammeter measure average current in AC current, 

average current is zero for complete cycle. Hence 

reading will be zero. 

Since the phase difference between L & Cis n, 

.. net voltage difference across LC = 50-50 =0 


Ad _ W2-M) 
At { 
Rot = (R+4R)Q = 5RQ 
__ndb _ —n(W,—-WM) 
Rip At 5Rt 


(WW & W, are magnetic flux) 
= B.A; >= BAcosot 
do 


; BA 
€=—-—=QBAsinot; i= . 
dt 


2 
BA 
Past = i7R = ES x Rsin? ot 


sin wt 


T T 
| Baga , J sin’ oxdt 
i _ (@BA)* 9 1 (@BA)* 
avg — F R T =. 
| at | at 2 R 
0 0 
2\2 nr? 
pe (wBrr~ ) ele 
Fag = aR 2 


For resonant frequency to remain same 
LC should be const. LC = const 


, 
=>LIC=L'x2C SL ay 


(=1m,o=Srad/s, B=02x10°4T 


-_ Bol? _0.2x104x5x1 


=S0uV 
, ad 


GP_3481 


Electromagnetic Induction and Alternating Current 
15. 


16. 


17. 


18. 
19. 


20. 


21. 


22. 


23. 


(c) 
(d) 


(a) 


(b) 
(a) 


(b) 


(c) 


(d) 


(b) 


Relative velocity = v+v=2v 
-. emf. = B.1(2v) 
For maximum power, X;, = X¢, which yields 
| l 
C= oe ee 
(Qnn)°L 4n* x50x50x10 


“ C= 0.1«x10° F =1pF 


T 
Phase difference for R—L circuit lies between (0 4 


R 12 4 
Power factor = cos@ = — =—-=—= 
Z IS: 3 
KEY CONCEPT : The charging of inductance given 
(  _Rt) 
by, eas | 


0.8 


Rt Rt 


lo . ae [a 1 
—=i(l-e +)>e Lb =— 
> o( ) - 


Taking log on both the sides, 


Rt 
—— = logl—log2 
I g g 


300x107? 
= ———_—_<_ 


a gE p65 0.69 
R 


= t=0.1 sec. 
BA 
Mutual inductance = o = 
I oT 
[MT-'Q"'L*] 


(or) —_ 


[Henry] = 


V—s-100 
= —=— =0.1A 
Across resistor, / R 1000 


At resonance, 
eet 
— @C  200x2x107 
Voltage across L is 

IX, =0.1x 2500 = 250V 


X,=Xe = 2500 


_do___ d(NB.A) 
dt dt 
d 
=—N ae cos@t) = NBAw sin wt 
=> Cmax = NBA® 
= 1027 —50¢ + 250 


A eT) 
dt 


24. 


25. 


26. 


27. 


28. 
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(a) Initially, when steady state is achieved, 


(c) 


(a) 


(d) 


(c) 


ree 


R 
Let F is short circuited at t= 0. Then 


— - — E 
At t=0, i) = R 
Let during decay of current at any time the current 


flowing is _p 4! _ ip —(0 
dt 


t 
R R 
a_ Ry ad 
L if L 
lo 0 
——t 
=> log, —=-—tDi=ije 4 
=100%107* 
-,-£ 6 1° 1%. 100x107 _!1 
R 100 e 


KEY CONCEPT : We know that power consumed in 


a.c.circuitisgivenby, P=E,,,. Inn, cosd 


Here, E= E, sinwt 
[= I, sin (or - Z| 
2 


Tt 
which implies that the phase difference, = cS 


(.. cos— a 0 
2 


(  _R, 


f 0.2 
—=24nx107H 
Growth in current in LR, branch when switch is closed 
is given by 
2 (ps Sa _E gee 
Ry dt Ry L L 


Hence, potential drop across 


2t 
i Fer aet L = Ee7Pot!L _ 45. 400x103 


= 12e>tV 
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29. (b) Duetothe movement of resistor R, an emf equal to Blv ee 
will be induced in it as shown in figure clearly, 5 Li? = aaa 
I = i + I> 
| 
Also, 1, = 1, Also q = g, cos wt and ® =——= 
Solving the circuit, : VLC 
we get 
On solving t= =JEC 
_, _ Bh 4 
12 3p 34. (b) Wehave, V=V, (1-et®%) 
2Blv => 120=200(1-e/*°| 


and f=2f, = 
on => t=RCin(25) 
= R=2.71x10°Q 


30. (©) At?¢=0, nocurrent will flow through L and R, 35. ()_ Because of the Lenz's law of conservation of energy. 
V 36. (d) Here, inducede.mf. 
.. Current through battery = R> 
2 @ A 
A Se a 
tt=o, ae - aS 
effective resistance, Rey = 2 
R, +R, 3f (32)? -(20)7] SBlw 
e= | (wx) Bdx = Ba ——_—_—_ = a 
Ve V(R,. +R) 26 2 
.. Current through battery= p | = — RR 
eff Y 37. (a) Asweknow, Magnetic flux, >= B.A 
31. () Whencapacitance is taken out, the circuit is LR. 5.5 
Ip (2)(20 x 10”) 2 
ol hor a lO ) 
On solving 
= = 11 
Sip = ene ONO =9.216 x 10°11 =9.2 10! weber 
V3 NB 38. (c) Charge on he capacitor at any time t is given by 
Again , when inductor is taken out, the circuit is CR. q=Cv(l-e”) 
\ att=2t 
= = —2 
ar q=CV(l-e~) 
39. (c) Applying Kirchhoff's law of voltage in closed loop 
1 1 200 z VR 
— = R tango = 200 x — = —— VpVor0 > —=-1 
— we qa. 3 Ve 
eV, >| 
1 2 A he R 
Now, Z = R? +(<.-0t | 
oC 
* 
; LY 
200 200 
= ,|(200)° + (> oe | =2000 
V3 v3 B 
Power dissipated = V,., L-ms COSQ 
15x100 
Vims R f.. _R 40 1(0) = ———- = 0.. 
= \ms-—7 °F . cos= 5] >) 0.15x10° 
I(0)=0 
Vm — (220)°x200 220x220 = 
a (200)? 200 cl TQ=LO)-1)] Evie + i(00) 
32. (c) Induced emf=vB,,/=1.5=5 x 10° x2=15 x 10> cs R 
=0.15 mV I(t)=0.1 eL/R =O lebL 
l 
and eas 0.151000 
33. (a) Energystored in magnetic field 5 Li I(t)=0.1 003 ~967mA 


No | — 


y, 
Energy stored in electric field = a 
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41. 


(c) FromKVLatanytimet 


From damped harmonic oscillator, the amplitude is 


dt 
i = A,e-— 
given by A of 5 


cee _ dx bdx_ k 
Double differential equation —z +——{-+— x =0 
dt“ mdt m 
Rt >» Rt 


Oay = Qoe- 5 = Qinax =Qoe-— 


Hence damping will be faster for lesser self inductance. 


F, =F, =0 

because of action and reaction pair 

Here 

- e _ e _ e 

- iRoe Ke VR +02 VR? 4422 

(es ee, 
(64 + 4n? (50)? L I 10 


On solving we get 
L=0.065 H 


Ray and Wave Optics 


Section-A : JEE Advanced/ IIT-JEE 


A 1. 2x108m/s,0.4 = 10%m 2. d=+15cem 3. 4000A,5~ 10'Hz 4. 2 
5. 60cm 6. = 7. 30cm 8. 1.5 9. zero 10. smaller 
11 < 12. 5x 10'4Hz, 4000A 13. 0.125m,0.5m 14. 15° 

: Jute . 5x ; =O: ,0. : 

B 1. T 23. T 3. F 4. T 5. T 6. F 7. TT 

C Ll ¢) 2. (a) 3. (d) 4. (a) 5.  (c) 6. (c) 7.  (d) 
8. = (c) 9. (c) 10. (a) 11. (c) 12. (Cc) 13. (a) 14. (d) 
15. (a) 16. (d) 17. (d) 18. (b) 19. (a) 20. (a) 21. (c) 
22. (b) 23. (b) 24. (d) 25. (c) 26. (b) 27. (c) 28. (a) 
29. (b) 30. (b) 31. (b) 32. (b) 33. (c) 34. (b) 35. (d) 
36. (c) 37. (a) 38. (c) 39. (a) 40. (c) 41. (b) 42. (c) 
43. (b) 44. (b) 45. (c) 46. (a) 47. (b) 48. (c) 49. (b) 
50. (c) 51. (b) 52. (d) 53. (a) 54. (b) 55. (c) 56. (a) 
57. (c) 

D it. (b,d) 2. (a) 3. (a,c) 4.  (b,d) 5. (d) 6. (a) 
7.  (d) 8. (c) 9. (a,b,c,d) 10. () 11. (b,c) 12. (b) 
13. (c,d) 14. (d) 15. (d) 16. (a) 17. (a,b) 18. (c,d) 19. (a,b,c) 
20. (a,c) 21. (a,b,c) 22. (b) 23. (a,d) 24. (a,c,d) 25. (b,d) 

E 1 llcm,Real 2. 1.732 3. 141 4. <b 5. 7.67cm 6. (@15cm (ii) 1.15cm 
7. 13.9 8. 75cm 9, (1.17 x 10 m, (ii) 1.56 x 10° m 11. (i) /2 (ii) No 
12. @)-6mm,-5 mm 13. 7x10°W 14. = 15. (a)0.8 x 10° m2 (b) 27.2° (c) 9 

d x)" 

16. /2 17. (i) 10° m (ii) increase 19. (a) = =coti (b) y= k? (=| (c) (4m, 1m) 


20. (i) sin“ | n? —ne -n} (ii) 72.94° 


3 
21. (i) 6.3x 104m (ii) 1.575 x 10m 22. 0.4m,0.6m 23. 9.3x10%m 24. (a)600nm (b)sin" (3) 
25. (a) +0.26m,+1.13m (b) 1.13m,0.26m 


ie 


be ees 4 
26. (a) 4.33 x 10°3m(b) 0.75 (c) 0.65 x 10m, 0.433 x 10m 27. F538 +47-5k 28. = 


1 
29. (a) 15cm, = (b) 90nm 30. 4°,-0.04° 31. 2cm,1.0016 32. 16 33. (a)circular (b) 1/16(c) 300nm 


34. — 35. (a) zero (b) 125nm 36. 6.056m 37. 3.5mm 38. 0.09 m/sec, 0.35 s7! 
39. 60° 40. (a) 60°, (b) 60°, anticlockwise 

F 1. A-p;B-r; C-r; D-p, q,s 2. A-p,q,f, 8; B-q; C-p, q, r,s; D-p, q, r,s 3.  A-p,s; B-q; C-t; D-r, s, t 
4.  A-p,r; B-q, s, t; C-p, r, t; D-q, s 5. (d) 6. (b) 

G 1. {a 2. (c) 3. (b) 4. (c) 5.  (b) 6. (a,c) 7. (d) 

H 1. (©) 

I 1. 6 2. 6 3. 3 4. 2 a5. 3 6. 7 Te. -2 
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Section-B : JEE Main/ AIEEE 


I, ¢b) Zz. (a) 3.. (a) 4. (d) 


9. (b) 10. (b) ll. (c) 12. (d) 
17. (b) 18. (d) 19. (a) 20. (b) 
25. (c) 26. (a) 27. (b) 28. (c) 
33. (a) 34. (b) 35. (a) 36. (b) 
41. (d) 42. (c) 43. (b) 44. (b) 
49. (a) 50. (b) 51. (c) 
Section-A 


A. Fill in the Blanks 


3x10° 


> = =2x108m/s: 
1.5 


k#—— 5 cm —I 
——— 20 cm —— 


From the diagram it is clear that the focus of both the lenses 
should coincide as shown in the diagram. 

Therefore d= 15 cm. 

KEY CONCEPT : 


a _ Speedoflightinmedl vA, — Ag 
™" Speedoflightinmed2 vA, A,, 
[-.. v does not change with the medium] 
r 
ee in oe = 4000A 
Fill 15) 
8 
Va = fa P80 __ 25x10! 
ha 6000x107 


For coherent sources, for constructive interference 

The amplitude at the mid point = A + 4=2A 

> I, <QA4P >1L<4], ...(i) 
NOTE : For incoherent sources, the intensity add up 
normally (no interference). 


Therefore, the total intensity /, = 2/) ... (11) 
From (1) and (11) 
Alo _, 
a= Ee ois 
mb 4/3 
ee an) | 
—=(1.5-]) [ROR —_— i [Lensmaker's formula] 


(a) 
- (b) 
- (a) 
- (d) 
- (d) 
- (d) 


6. (b) 7. (d) 8. (c) 
14. (a) 15. (a) 16. (b) 
22. (a) 23. (c) 24. (d) 
30. (b) 31. (d) 32. (a) 
38. (d) 39. (c) 40. (c) 
46. (d) 47. (b) 48. (c) 


JEE @dvanced/ IIT-JEE 


l l 
and ey 125- tas 
ty R 
On dividing we get 
Ty... om 0.5 _ _ 
15 1.125-1 0.125 ae 
L_A | 
I, A ...(1) 
2 
I r 
But los > ee ...(11) 
r In 4 
From (1) and (11), 
A _m _ 25 
Ay Al 9 
For refraction at APB 
See Uy ~H2 
u Vv R 
a ee 2.35 
= 5 0 => v=-30cm 


= Image of O will be formed at 30 cm to the nght at P. 
Since the image formed is real and elongated, the situation 
is as Shown in the figure. Since the image of B is formed at B' 
itself 


B is situated at the centre of curvature that is at a 
distance at 2/from the pole. 


PA=2f- < -7L 
, : Sf 

Let us find the image of A. For point A, u = ra =? 

I | 1 1 
Applying, —+-=— > ——~+-=— 

i 29s, Vi ey 
3 
Beenie es GES) 
vf Sf 
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10. 


11. 


12. 


13. 


14. 


Image length = 2.5 f— 2f=0.5f 
Magnification — Le 1.5 
173 


sin{ 4+) sin( +8 
eee oe ea, Cae ee, 
sin A/2 sin 60/2 
60 +om =45° = 6m= 30° 


= Thecondition is for minium deviation. In this case the 
ray inside the prism becomes parallel to base. Therefore the 
angle made by the ray inside the prism with the base of the 
prism is zero. 

KEY CONCEPT :The resolving power of a microscope 
device is inversely proportional to the wavelength used. 
= The resolving power of an electron microscope is 
higher than that of an optical microscope because the 
wavelength of electrons is smaller than the wavelength of 
visible light. 


Velocity of light in vacuum c= 


l 
VHo£o 


and the velocity of light ina medium v= — 


Jue 


_ Velocitylightin vacuum = c_—1/,/Mot& we 


v 1/./ue 1/UpEO 


n= _ 
Velocity lightin medium v 
Frequency remains the same 


3x108 


C 14 
f =—=———_=5x10"*Hz 
% 6000x1071? 
and Xo = tt = 000A _ gogo a 
UW 1. 
P,+P,=10m! 


P, + P,-(0.25) P,P, = 6m! 
From these two expressions, we get 
P, P,=16m~ 


R-P,=\(R +P) -4RP 
= J(10-!)? - 4167!) = 6m! 


P, =8m~—! and P, =2 m~!, Hence 
2 
f= eee 0.125mand fy =— = Se 0.5m 
PR 8 P, 2 

Using Snell's law for the refraction at AC, we get 
usin i=(1) sinr 
V2 sin30° = sinr > r=45° 
Angle of deviation at face AC 
= 45° — 30° =15° 
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B. True/ False 


This is due to atmospheric refraction. The light coming from 
sun bends towards the normal. Therefore, sun appears 


higher. 
KEY CONCEPT : Formula for intensity ofa line source of 
power (P) at a distance r from the source is 


me 4 
2nrl 
The image formed by the convex lens at the focus of the 


concave lens. Therefore I will act as a virtual object for 
concave lens and angle will be formed at infinity. 


Virtual a 


object 
for concave 
lens 


|<—0.75m —>|4-0.25m —->| 


NOTE: For the light to split, the material through which the 
light passes should have refractive index greater than 1. 
Since the prism is hollow, we get no spectrum. The thickness 
of glass slabs through which the prism is made can be 
neglected. 

When the two slits of Young's double slit experiment are 
illuminated by two different sodium lamps, then the sources 
are not coherent and hence sustained interference pattern 
will not be achieved. It will change so quickly that there will 
be general illumination and hence interference pattern will 
not be observed . 


In Young's double slit experiment if source is of white light 
than the central fringe is white with coloured fringes on 
either side. 


1 l 1 
yee eee 
F ft sh 
l l l —2+1] 


F —-15 30 30 pene 


This combination behaves as a concave lens of focal length 
30 cm. 
Since F\< F’. 

One sees coloured pattern with violet colour at the 
outer edge. 


C. MCQs with ONE Correct Answer 


(a) NOTE: 
When the ray enters a glass slab from air, its frequency 
remains unchanged. 
Since glass slab in an optically denser medium, the 
velocity of light decreases and therefore we can 
conclude that the wavelength decreases. 
(.. V=VvA) 

(a) The phenomenon of total internal reflection takes place 
during reflection at P. 
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w gh _ 15 . si ree ae 
Now, gu = a, 4/3 ee eee peg 
Ww 
8 
sin 9 should be greater than 9° 
AQ2D)_ ,AD 
. = = =4—=4 
3 @ B=—, B= 1/2 7 B 
ren | 
4. (a) C=Sin e TI — (1) 
an 
Applying Snell's law at P, we get 
1 sinr' sin(90—r) 
= oS eC PS er 
2 sini sinr 
1. cosr 7 
; ee ...(1) 
From (1) and (11) 
S (c) 
6. (Cc) 
7 6 @) 
8. (Cc) 


C =sin~! (tanr) 
Let J, =fand I, =4I 


Imex =(Vi+Vh) =(VI+V4Ty =(3V7) = 
Imin =(Vi-Vha) =(v7-V4r) =1 


Spherical aberration occurs due to the inability of a 
lens to converge marginal rays of the same wavelength 
to the focus as it converges the paraxial rays. This can 
be done by using a circular annular mask over the lens. 
The distance between the first dark fringe on either 
side of the central maximum = width of central maximum 


2DA  2x2x 600x107" : 
= 5 > _ = 24 1077 m=2.4mm 
a 10 
Applying Snell's law at P, 
_ sinr 
sin 30° 


1.4 
sinr = = = ().72 


§ =r—30°=sin—! (0.72) —30° 
The rays make an angle of 
28 =2 [sin !(0.72)—30 °] with each other. 


10. 


11. 


12. 


(c) 


(a) 


(c) 
(c) 
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NOTE : A convex mirror and a concave lens always 
produce virtual image. 

Therefore, option (b) and (d) are not correct. The image 
by a convex lens is diminished when the object is placed 
beyond 2f. 


Let u=2f+x 
pia ee A | 1 1 
Usng ~7~7~F-y]> > --——=— 
vu fo“ y -Qf+x) f 
1 1 1 2 = 
25 2 f+x-f  (f+tx) 


yo Dhie fOfiay fOren 
ont 
a x 


iy (2f +x)’ 
7 = Ge 


=> (2f+x)*<f+x. The above is true for f< 0.25 m. 
Here f, = 2 cm and, =3 cm. 
Using lens formula for eye piece 
-l1 1 1 
=> = 3 S41 = 3 cm 
u, « 3 : 
But the distance between objective and eye piece is 
15 cm (given) 
Distance of image formed by the objective 
=v=15-3=12cm. 
Let u be the object distance from objective, then for 
objective lens 


1 1 ] = 
—+—_— = — or ook I u 


2 ] 
fs] + 


uy Vy So iz 2 
ae eerie = ey cm 
u 2 12 12° 5 


Path difference between the opposite edges is 1. 
For a phase difference of 27 we get a path diff. of A. 
We know that 


I(8)=I1p cos? > where3= eu 


1(8) = Ip cos? { ™ = =i cos?( 150% nd) 
A 3x10" /10 


=I cos? (# tan 0| 


p-S-240 
13. (a) 
14. @ 
15. (a) 
16. @ 
17. @ 
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T 
= oO. = 2 — 
For § = 30°; /(8) =, cos (| 


For @ = 90° ; 1(8) =1, cos? (0) 
For 8=0° 

I(®)=Ih 
I (8) is not constant. 
Alternatively, when @ is zero the path difference 
between wave originating from S, and that from S, will 
be zero. This corresponds to a maxima. 


I (4- es 1 ) ae: i 

— N a A ee 

ig le R) ow, gH mu 1.75 

For concave lens as shown in figure in this case 19. (a) 
1(8 eee ee 
f NTIS R R 1.75R 

> f=+35R 


NOTE : The positive sign shows that the lens behaves 
as convergent lens. 
For diffraction pattern to be observed, the dimension 
of slit should be comparable to the wave length of 
rays. The wavelength of X-rays (1 — 100 A) is less than 
0.6mm. 
Locus of equal path difference are lines running parallel 
to axis of the cylinder. Hence straight fringes will be or 
observed. 

L_fwo_,\f1_ 1) 20. 
f \ by R Ry) Ly | ool bs 
If p, > w,, the concave lens 
maintains its nature otherwise the 
nature of the lens will be 
reversed. 
So, the lens should be filled with L, and immerse in L,. 
From the ray diagram. 


(a) 


22. (b) 


In AANM and AADB 

ZADB= ZANM=90° 

ZMAN= ZBAN (laws of reflection) 

Also ZBAN= ZABD => ZMAN= ZABD 
*. AANM1s similar to AADB 


x _ d/2 1 
ap pF 
So, required distance =d+d+d=3d. 


The incident and emergent ray of a glass slab are 
parallel therefore, the angle remains the same. 

See figure. The ray will come out from CD if it suffers 
total internal reflection at surface AD, 1.e., 1t strikes the 
surface AD at critical angle C( the limiting case). 


Applying Snell's law at P 
n, sin C= Nn, or sinC =_2 
ny 


Applying Snell's law at O 
n, sin a=n, cos C 


ny lnm 
=> sina oe sin & 
ny 


\ 
m) 
= in ice -1{ M2 | 
Q=S E cos ee | 


When slits are of equal width. 
“ma xe (at a)? (= 4a?) 
7 nin © (a- a)? (=0) 
_ one slit's width is twice that of other 


ly Wy bp  W “2 


> p= 2a 


Imax © (a+ V2a )? = (5.8 a?) 
Tin © (J2a -a)*=(=0.17 a2) 


NOTE : The intermediate image in compound 
microscope is real, inverted and magnified. 


I=1, +1, +2Vh, JI cos (1) 

Applying eq. (1) when phase difference is 1/2 
Ly=lta > Ly=5l 

Again applying eq. (1) when d phase difference is 7 
f.. =1+41+2VIV4I cosn 
iL I es I nL =Hal 


TU 
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PM? = 4h? + h? = 5h? 


12A,D _ kAD 12x 600 | 


23. (b) i= 
dd 400 a see 332- 
24. () Applying Snell's law at P, sh V5 
1 sini 2 From (1) and (11) 


Mop ere ne A 
2 sink wy (1) ._& 
° se wa 


28. (a) Path difference =(u—1)t=nd; 
For minimum t,n=1; .. t=2A 


. ' . 
Applying Snell's law at Q, where x=0.2 tan 30° = 0.2 i <3 
2, _ Sinn _ Bs 
eercrias ye ...(2) 


Again applying Snell's law at R 


3. smn _ Ba 
hee zo 
Multiplying (1), (11) and (111), we get 
U4 ~ By 
NOTE : Ifthe emergent ray is parallel to incident ray 
after travelling a number of parallel interfaces thenthe 30. (6) InAOPM, OP= 


refractive index of the first and the last medium 1s always 
same. d cos 20 


In ACOP, OC = 
_ /\ ° /\ 


There will be no refraction from P to Q and then from O 
to R (all being identical). Hence the ray will now have 
the same deviation. 

26. (b) For the image of point P to be seen by the observer, it 
should be formed at point Q. 


cos 9 


cos@ 


2/3 


29. (b) Maximum number ofreflection ==*— 


P-S-241 


fii) 


27. (c) Since both surfaces have same radius of curvature on 
the same side, no dispersion will occur. 


Path difference between the two rays reaching P is 


In AONS, 
NS= QS=2h NCowOre es ee 
ZNOS=45° 2 cos8@ cosO 2 
_ {6&0 r rN 
— = —_(cos20+1)+— =2dcos0+— 
Nowin AQMA, cos 0 2 pi 
ZMOA=45° For constructive interference, path difference should 
be na 
MA=QA=h 


; re iesOe =H, => cos@= 
1 _sinr _ sin45 2 


ar ee 
In A PMB. 


F =] epee 
orn=1, Ad 


(2n—-I)d 
d 
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31. 


32. 


34. 


34. 


35. 


(b) 
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Convex lens forms the image at /,. /, 1s at the second 
focus of convex lens. Size of J; =2 cm. 

I, acts as virtual object for concave lens. Concave lens 
forms the image of J, and J,. 


(b) 


(c) 


(b) 
(d) 


Or 


L€., 


I tl 2st 1 1 tT 4 ~=«1 
+ 


=——~ OF ——— > SSS ES 
v 4 20 v 20 4 20 5 
or v= 5 cm = Distance of /, from concave lens. 
v__ size of image 5 


M iff ti a Tee cape =f aon Te ae pe a 
oa u size of object 4 


ae 
” size —e 195 


or size of image due to concave lens = 2.5 cm 


Hy Sin? = gj sin 90° 


1 
KEY CONCEPT : Sin C = —andp« . 
uu 


sin C «Ar 

For higher value of 1, the angle C also increases 
I 

X increases ! 
I 
I 


Air 
(Green light 


Glass 


NOTE : For minimum deviation, incident angle 1s equal 
to emerging angle and QR 1s parallel to base. 

At the area of total darkness minima will occur for both 
the wavelengths. 
(2n+1) (2m +1) 


ED os 
o.- *r 2 


(2n+1) _ 560 ok 
(2m+1) 400 5 
by inspection for m= 2, n=3 and for m= 7, n= 10, the 
distance between them will be the distance between 
such points. 


_ a [Oe +1)-(2n, at 


Ay => (Qnt 1), =(2m+])A, 


or 10n=14m+2 


As 
d 2 


put n,=10,n,=3 


On solving we get, As = 28mm. 


36. 


37. 


38. 


39. 


40. 


41. 


(c) NOTE: Frequency does not change with change of 


(a) 


(a) 


(c) 


(b) 


medium. 

The rays coming from the point object fall on the glass- 
air interface normally and hence pass undeviated. 
Therefore if we retrace the path of the refracted rays 
backwards, the image will be formed at the centre only. 


Xr 2. * Xr 3 


0 =sin7! (*) 
3d 
Ail 2 
lf2| 3 
f, : focal length of convex lens. 


1 1 1 1 1 2 


i pa a eg 
f fh fh 30 ft 3h 

f, = 10cm, f, =-15cm 

The image / ' for first refraction (1.e., when the ray comes 
out of liquid) is at a depth of 


33.25 Reade 
“133. Ul 


Now, reflection will occur at concave mirror. For this / 
behaves as an object. 
u=—(15+25)=—40cm 


and v= {15+ | 


25cm E Apparent depth = 


1.33 


25 
Where 133 is the real depth of the image. 


Using mirror formula we get 
1 1 


f vu?’ 


The focal length fof the equivalent mirror is 


I. 2 2 1 


— SS 

fo fi tm 15 & 
Since fhas a positive value, the combination behaves 
as a converging mirror. 


f=- 18.31 cm 


= ie 
2 


Here u =— 20cm, f=-Zom , v=? 
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42. 


(c) 


Image formed 
on tonal plane 


1 1 1 
According to mirror formula —*+— == 
vu =f 

ae a ae 
p20: isp 


Negative sign indicates that the image is 12 cm in front 
of mirror. 

We know that in case of a convex lens when object is 
placed at C', the image is obtained at C. This situation 
is represented in the graph by the point corresponding 
tou=—10 cm, v= 10cm. 


Therefore R=10cm > == Scm=f 


uem—31 -30 20 —10 0(-9, +9) 
Lens formula 1s 
1 1 1 Af Av. Au 
f vou fe yo ae 
(for maximum error in f) 
Af 0.1 0.1 


= fee 
25 (10)* (10)? 

=> Af=25 x0.1<x2x0.01 =0.05 

Therefore, the focal length = (5.00 + 0.05) cm. 


[Au= Av=0.1 from graph) 


43. (b) From the figure in A ABC, tanB = “ 


— AB=ACtan B,2r=ftanB 
— Area ofimage=anr-« f? 


Parallel 
Rays from 
: 3 cal : object placed 
en at infinity 


Biconvex lens 


44. (b) Asshown in the figure, when the object (A) is placed 


between F and C, the image (/) is formed beyond C. It 
is in this condition that when the student shifts his 
eyes towards left, the image appears to the right of the 
object pin. (Image distance > object distance) 


45. 


p-S-243 


(c) Theray is partly reflected and partly refracted 


ZMOB = 180-20 


But the angle between refracted and reflected rays is 


46. (a) 


ZPOB. Clearly is ZPOB is less than ZMOB. 


Medium | 


Medium | / Medium 2 


For minimum deviation the ray in the prism is parallel to 
the base of the prism. This condition does not depend 
on the colour (or wave length) of incident radiation. So 
in both the cases, by geometry, r = 30°. So (a) is correct 
option. 


47. (b) For refraction at parallel interfaces 


48. (Cc) 


Ny sinO = ma sin =! sinB oe) sin 90° 
. 2 6 8 


Consider the activitiy A to 
Applying y* —u* =2as 
v0? =2x10x7.2 > v=12m/s 

The velocity of ball as perceived by fish is 


v= yxy =< x12 =16mi/s 
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49. (b) 
50. (Cc) 
51. (b) 
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Tere ORE eter rir rit) Cie eer ry ie 


fish 


Focal length of the biconvex lens is 15 cm. A small 
object is placed at a distance of 30cm from the lens 1.e. 
at a distance of 2f. Therefore the image should form at 
30cm from the lens at I,. 


But since the ray strike the plane mirror before reaching 
[,, the image J, acts as the virtual object for reflection 
on plane mirror kept at a distance of 20 cm from it. 

It should produce an image /, but as the ray encounters 
the lens, it gets refracted and the final image is formed 
at /,. For the last retraction from the biconvex lens, 
u=10cm. 


1 1 
Applying lens formula ae 


38 tte 
v 10 15 v 15 10 150 
>v=6cm. 
Therefore a real image is formed at a distance of 16 cm 
from the plane mirror. 


When the light is incident on glass - an interface at an 
angle less than critical angle a small part of light will be 
reflected and most part will be transmitted. 

When the light is incident greater than the critical angle, 
it gets completed reflected (total internal reflection) 
These characteristics are depicted in option (c). 

The focal length (f,) of the lens with n = 1.5 is given by 


The focal length (f,) of the lens with n = 1.2 is 
given by 


1 1 1 
a ee | goer 
fo ie Nz a 


52. @ 
53. (a) 
54. (b) 
55. (Cc) 


=2-n|2--|-5 


o 14} 70 
The focal length F of the combination is 
Lo ok Od 
Sh SS 
F fi, fz 20 


Applying lens formula for the combination of lens 
ieee ee, Beceee sN, 
VU F V —-40 20 
=> V=40cm 
A.D 
We know that B = a 


Now,  Ap>Ag>Ag 


Br> Be> Bg 
(i VB.(i VB) 
Pia er ae | | roe 
> 2 & a 
cos(180° — 2a) = 


2 2 2 
1 Po 

“- c0s(180° - 2a) = -= 180°-20 

*. 180° —2a= 120° ar 

*, = 30° 


option (a) 1s correct 
The intensity I is given as 


I=I, cos? “ where I, is the peak intensity 
I I ) T 
HereJ=° ss, © =]. cos*t . 6=—(2n41 


For a phase difference of 27 the path difference 1s 7 
.. For a phase difference of (2n+1) ; the path 


difference 


is (2n + =. option (b) is correct. 


Applying Snell’s law at point P 
n, sin 9 =n,sin 90° 


11.54/2 


(10) +(Usay 


ny = 212% 


Ny = 1.36 
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56. (a) Applying Snell's law atA 
1 x sin 45°= V2 xsin 7 


D. MCQs with ONE or MORE THAN ONE Correct 


2 
cel 30" tha) nas. _ Wh +h) _9 
Imin (fp-Jh) | 
i see _ 
se a 
(a) Pa et pe i ions. 
f fi ty 04 0.25 


A.D Nd 
a,c)Here y = (2n—1)—— = (2n-1)—— 
(a, c) y=(2n or (2n a 


(-.:d=band D=4d) 


Applying Snell's law at B But y= 2 KY 
ieeseeee sees 
J2 sinC=1x sin 90° a I: 
C=45° ... (il) 5 
In AAMB, 90°+ 6 +1, +(90° -C)= 180° (From fig.) py ; 
2. O= 15° 2 2b 
Bea 2 <—1—_> 
57. (c) For lens oa e ee: b rere a 
(2n-l)d ‘ 
a a 
v -50 30 me Ze es 
v=75cm d 3d 


(b, d) The image formed will be complete because light rays 
from all parts of the object will strike on the lower half. 


he But since the upper half light rays are cut off, the intensity 

| xq will reduce. 

~~ N l 

re i < | 1 1 1 dv du 
en. | qd) —+-=- ay 
al \ 50 cm! vu f vou 
| 

| | 2 
| | 
| 


| 
aie ; 
P | . 
eae : image length -(; f xb 
—u 
lens , | | 
MIRROR (a) For total internal reflection 
= a =1.414 


Therefore object distance for mirror is 25 cm and object 


sinC  sin45° 


ecaal 1.e. for an angle of incidence of 45°, that colour will suffer 
total internal reflection for which the refractive index is less 
Pp east ; Bes, Bes ee, than 1.414. 
or minor + == 6. Fae sp ee v=—50cm A 


The image I would have formed as shown had the mirror 
been straight. But here the mirror is tilted by 30°. 
Therefore the image will be tilted by 60° and will be 
formed at A. 

Here MA=50cos 60°=25 cm 


and I’A = 50 sin 60° = 25./3 cm 


ns. 
Therefore, red light will berefracted at interface AB whereas 
blue and green light will suffer total internal reflection. 
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7. () Inanastronomical telescope when the object and final 
image are at infinity, M and L are given as shown: 
Angular magnification M=f//f, 
Seperation between lenses, L =f, +f, 


has | 
i or fy =Shfo. ... (I) 


to t+ Se =36 or 5fo+f, =36 
or f,=6cm ... (il) 


fo =Sfe or f,=30cem 
Hence f, = 30cm, f,=6cm 
8. (c) Theangle of deviation for the first prism P, 
O)= (Hy, — 1A, 
The angle of deviation for the second prism P, 
O9= (My — 1) Ap 
Since total deviation is to be zero 
6,+6,=0 
=> (n,-14,+(h,-1)4,=0 
_ -(1.54-1) 40 — 


a (eal) 


9. (a,b,c, d) In case of an astronomical telescope the distance 
between the objective lens and eyepiece lens 
=fo tf. = 16+ 0.02 = 16.02 m 


o 


= 22800 
0.02 


The angular magnification =— Zobeetve 


eye piece 


NOTE : The image seen by the astronomical telescope is 
inverted. Also the objective lens is larger than eye piece 
lens. 

10. (c) Theimage/, of parallel rays formed by lens 1 will act as 


virtual object. 
2 


—_————— {, —————[9 
Applying lens formula for lens 2 


ae 


z _ Sr(h-9%) “ 
v% fi-d fo fat hr 


The horizontal distance of the image / from O 1s 


4 Joe) . _ ff, +d(f{-4) 

eae le as 
To find the y-coordinate, we use magnification formula for 
lens 2 


i 
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SoA -4@) 4 
een es fans! iD 
um fi-d fit fy 
Also m=— => kh =>——_ 
A fith- 
The y-coordinate y = A—h, 
_,__ Ap A= 
fith,-d@ fitfo-d 


11. (b,c) NOTE: Concave lens and convex mirror are diverging 
in nature. Therefore the refracted/reflected rays do not meet. 
These rays are produced backwards tomake them meet. 
Therefore the image formed 1s virtual and erect. 
Spherical aberation is smaller when the curved surface 
is facing the object because the total deviation is shared 
between the two surfaces. 
13. (c,d) KEY CONCEPT : For total internal reflection to take 
place: 


12. (b) 


Angle of incidence i> critical angle, 9, 


orsin 45° > gee > Ler >v2 orn > 1.414. 
n 


n 2 
Therefore, possible values of n can be 1.5 or1.6 in the 
given options. 
For first minima the path difference between the rays 
coming from the two edges should be 4 which 
corresponds to a phase difference of 27. 
The ray diagram is shown in figure. Therefore, the 
image will be real and between C and O. 


14. @ 


15. (d) 


_ Normal at P will 
” pass through C 
( 


O 
16. (a) The formula for spherical refracting surface is 
=H, #2 _ Ho = 
u Vv R 


mt \ (2) Glass 


—] 1.5 
—_ +. —_ = 
=X. Xx 


x=5R 


GP_3481 


17. (a,b) The condition to obtain maxima in the phenomenon 


observed in young's double slit experiment is 
dsin @ = nd where nis an integer 


When d=A 

Asin8 = na 
=> sin@=n 
When n=0, 6 =0 
When n= 1, 8 =90° (This will be a point on the screen 
which will be at infinity and therefore not practical) 
Other values of n are invalid as —] < sin® <1. 
—>The screen will have only one maxima. 


When 1<d<22 
r 
ay ey d= 
Sl sin 8 
n 
l< <2 
ae aap 


The possible values of n are 0, +1, -1. 

=>There is at least one more maxima (besides the central 
maxima, option [B] is correct. 

We know that 


Tmax = Aimee Tain = Riel 


Initially 1, =41and I,=1 

: Tax 2 LandIij=! 

When I, =I, =I then I, =4 I andI,.,= 0 

l.e., when the intensities become equal, I; reduces to 
zero. Options [C] and [D] are incorrect. 


18. (c,d)Given f=-—24cm 


_ 11 1 
Applying —+—=— 
vu f 

For (66, 33) 

Pod te td 1 06424 

v f u 24 66 24x66 24x66 
2. jp At OO bas 

42 


But the value of v = 33. The absolute error is 37.7 — 33 
= 4.7 cm which 1s greater than 0.2 cm. Therefore a wrong 
reading. 
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For (78, 39) when u = 78 then 


ig Me 
v —78 —24 
> v=—34.67 


The absoluate error is 39 — 34.67 = 4.33 which 1s greater 
than 0.2 cm. 


19. (a,b,c) 


Applying Snell’s law at P 
n, sin 60° =n, sin® 

= sin 60° = V3 sin® 

=> 6 =30° 

In quadrilateral BCQP, 


60° + (90° + 30°) + 135° + ZPQC= 360° 
=> ZPQC =45° = i=45° 
The critical angle for prism - air pair of media is 


a a 
C= sin '() which is less than 45°. 


Therefore total internal reflection takes place at face 
CD. 

option (a) 1s correct. 

In AQDM, ZQMD = 180° — (45° + 75°) = 60° 
Therefore the angle of incidence of ray QM on AD is 
30°. 

This angle is less than the critical angle. Therefore the 
ray emerges out of face AD. 

Option (b) is correct. 

Applying Snell’s law at M, we get 


Jisin30° =Lxsina = a =sin"' = 60 


In quadrilateral PRMN, ZPNM = 360° — [60° + 90° 
+120°]=90° 

.. The angle between the incident ray and the emergent 
ray is 90° 

Option (c) is correct. 


20. (a,c) There will be no effect of the transparent thin film of 


uniform thickness and refractive index n, = 1.4 
n) on no—-n 
Therefore, — ace a_i [For case (1) ] 
u V R 


cee. ee 
= eo f Rd 


. (a) 1s a correct option 


pa ed aa 
R 


n 
Again applying ae a [For case (11)] 
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15,1 I-15 5 op 
oe) f, —R 
. (c)1s a correct option. 
21. (a,b,c) 


22. 


23. 


AD 
We know that B = a 


Asi,>h, -. By > B, 
Therefore m,>m, 

AyD (2x5-1)Ay D 

3x —— = — 
aan 2 d 


3 x 600=4.5 x 400 


Xr 
The angular width = qo” (d) is incorrect option. 


(b) ForrefractioninS, 


Git) ee eae 
ueél«y R —50 V- -10 
=> v=50cm. 

For refraction in S>5 


_— 
+~(d-50) « 10 


ees 
d-50 20 
d=70cm. 
B is the correct option. 
(a,d) 
For lens 
ee ee ee 
vu fv -30 f 
Vv Vv 
Also M=—=> -2=— 
u u 


On solving we get f= + 20 cm and v= 60 cm. 
For reflection 
l 12 l l 2 


ie a he et al 
vu f R 10 -30 R 


The image formed by convex side is faint erect and virtual. 


By lens maker formula 


.". (a) 1s correct option. 
.. (b) is correct option. 


.”. (c) 1s correct option. 
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24. (a,c,d) 
n sin; =n) sin® + [-. 1 and 2 interfaces are parallel] 


| depends on the refractive index of transparent slab but not 
on n, . In fact 0,depends on Ny. 

25. (bd) 
Path difference at O=d=0.6003mm 
Now, =mm=300x10-°mm 
For n=d we getn = 2001 
As nis a whole number, the condition for minima is satis- 
fied. 
Therefore “O’ will be dark. 
Also, as the screen is perpendicular to the plane containing 
the slits, therefore fringes obtained will be semi-circular (Top 
half of the screen is available) 


E. Subjective Problems 


1. The focal length of the equivalent mirror 1s 


1 2 1 

—$= = —_ 4+ — 

Ff Sm 

a ee oe ee 

20 22 «#10 11 110 

p10 

21 

NOTE: Since the focal length is positive it is a converging 
mirror 

1 1 1 1 1 1 
Now, —+—-=— > —-+-=—— 
rasa, -10°v 110/21 

a) 

v 10 107» 


NOTE: The negative sign indicates the image is real. 
2. The situation can be shown as in the figure. 


Here, i= 60°, A= 30°, 0= 30°, e=? 


We know that, A+ d=i+e (1) 
Also, A=rt+r ...(2) 
From (1), 


e=A+6—-i1=30° + 30°-60° =0 
As the angle of emergence (e) is 0, hence the emergent ray 
is normal to the face from which it emerges. 
When e= 0,7 =0 

From (2), A=r=30°. 
From Snell's law, refractive index of prism, 

sini sin60° 3/2 
ee a ee 
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C 
Vertical 
side 


For a grazing incident ray at BD for which 1~ 90° the angle of 
refraction (90 — C) is maximum. For this C is least. Let Cis 
greater than the critical angle. 


Applying Snell's law at 4 
1 | sin 90° a I 1 ; 
a" anO0=0) 2° ose |! 
1 ? 
Also a= sinC (11) 
When Cis the critical angle. 
l 

From (1) and (11), = = C=45° 


cosC sinC 


1 l 

2 sin 45° as 
For case (1), there is no refraction. Therefore py, = 
NOTE : Here the convex lens behaves as a diverging lens. 
Therefore, [1 < [. 
The rays originating from A (the point object) suffer 
refraction before striking the concave mirror. 
For the mirror the rays are coming from A' 


such that AA'= shift = (1 = 1) 


mM 


Therefore the object distance 


u=OA'= o4—aa'=21-1(1-4) 
LU 


= 21-3{1-) = 20cm 
1.5 


v= uf = —— le 6.67cm 

u-f 20-5 3 
The reflected rays again pass through the glass slab. The 
image should have formed at B is the absence of glass slab. 
But. due to its presence the image 1s formed at B’. 


Therefore image distance = OB + BB' 
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20 (. 1) 
See cae Pe 5, 
3 Us? 3 3 


(i) KEY CONCEPT :The given silvered concavo-convex 
lens behaves like a mirror whose focal length can be 


1 2 #1 
calculated by the formula 7 = ra + yh 


f, = focal length of concave surface. 
f, = focal length of concave mirror 


2 | 4A 


= — 4+ —_ = —- 
f 30 -10 30 


f=-7.5cm 

Using mirror formula 

1 1 1 | | l 
—-—-+— ———— = — 4+ — 
f vu —1.5 -x -x 
x=15cm 


(i) Let the object distance be u. When water is poured 
over the concave surface the apparent object distance will 
be v then 


ea ra dO Trl 
u v R 


For flat surface R =0o 


ed ay pee 
u Vv 
=> veu-2=ux ae 
Hy : 3 


Since the ray enters the lens from water into glass 


“Hy Pe Be WB w 
u Vv R 
—4/3 15 1.5-4/3 

+ — = ——__ 
4 20-60 
3 


.. Downward shift = 15-—13.85= 1.15 cm. 
The total intensity at point P will be 


=> u=-13.85cm 


=[,t+IptIe 
C 
F (Illumination power)xcos®8 29w 
A SS 8S 
Anr? 
BAS 
4nx 3? A 90W J 

] 
= Eu watt /m? 

An 


B 180W 
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180xcos60° 10 a) 
= ——_—_.- = — watt /m 
An x (1.5) Tt 
I-= 20 cos 60° = 10 
I, -T + +10- 13.9W/m? 
An 
8. HereR=cLe., nian surface is the refracting surface 


M1 He MoT ta Me _ 
ueésy R a es 

Mai QW 

MW, 4 

Again applying 

ins a eo es PP 
uy R u Vv R 
l 3/4 3/4-1 


+ = 
4 -25/8 R 


; 


On solving we get R=—25cm. 
Applying Len's maker formula, 


iy os 4 V1.2 

f LW — LR, Ry 3 5 x “. f=75cem 
(1) The distance of the nth bright fringe from the central 

maxima is given by the expression 


AD 
= — , For 3rd bright fringe n =3 


3x 6500x1071? x 120 x 10 


2x107> 
(ii) Let nth bright fringe of wavelength 6500 A coincide 
with mth bright fringe of wavelength 5200A. Their 
distance will be same from the central bright. Therefore, 
nD _mhyD _ na_ 52004 
dd m 6500 5 
i.e., at the least distance 4th bright fringe of 6500 A will 
coincide with Sth bright fringe of 5200 A. Its distance 
from the central maxima will be 


-—10 —2 
pee eae x 120 x10 = 156x10-3m 


210° 


=1.17x107?m 


10. KEY CONCEPT : For total internal reflection, the conditions 


are 
e The object should be in the denser medium. 
e The angle of incidence should be greater than the 


11. 


o—_———— —  —— )SEOlopic-wise Solved Papers - PHYSICS 


critical angle 

Case (i) : When n, <n, 

Obviously n, <n, and the angle 0 is greater than the critical 
angle required for the ray passing from medium II to medium 
III. Therefore total internal reflection will also take place 
when a ray strikes with the same angle at the interface of 
medium II and medium III. 

Case (il) :1,>n, butn 

The ray will get ft eeied i in ofan III as the angle 6 will 
now be less than the critical angle required for medium II 
and medium III pair. 


Med I 'R 


| Med III 


uy ete (Applying Snell's law at P) 
siInr Ny 
sinr= —sin0 
N3 
Asn ,>n, So,r>0 


When the refracted ray PR meets the boundary DE, it is 

travelling from a denser medium toa rarer medium. Therefore 

the ray will be totally internally reflected at DE if its angle of 

incidence r is more than the critical angle for med III and I. 
m 


sini" = — 
ny 
nN 


Since, sinr> a, snr>sini” > r>i" 


Therefore ray PR will be totally internal reflected along RQ. 
On reaching Q, the ray will be refracted in med II. Thus, the 
ray will ultimately be reflected back in medium II. 

(1) Let x is the incident angle for reflection at AC. For total 
internal reflection x > i, (critical angle) 


C 
Let y be the incident angle of the ray on face CB. For total 
internal reflection 


yrle 

co. VS 2 

But x= ZA and y=ZB (from geometry) 
xt+y=90° 

=> 90>2Ii6 > ie<45° 

The refractive index of the medium for this to happen. 
Pe sin ic sin45° 

e 5 

Ql) p= az 


3 
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14. As shown in the figure, the interference will be between 


y = 30° (Given) 
x>ic' but y<ic 
= Total internal reflection will take place on face AC but 
not on CB. 
Initially the object is in denser medium and 
u = oo using the formula of refraction at a spherical 
surface for AB 
U2 Z By Wy THe 


12. @ 


4/3 1 1-4/3 
uesy R -o0 y 2 

=> v=-6mm 

NOTE: This is the position of the image due to refraction at 

the first surface. This image will behave as a virtual object 

for the refraction at the second surface. 
u=—6-4=-10mm 

Again using the formula of refraction at a spherical surface 

for CD 


4 
Bet rea eer ee | 4/3 3 
uv 7 10 vio 2 
=> v=-Smm. 
The is the position of final image. 
(i) Ray Diagram. 


13. The power transmitted through A 
= 0% of (2) x (0.001)? = 10-° W 
T 
The power transmitted through B 
10 9 
= | 10% of | — | |x a x (0.002)* =4x 10-6 W 
Tt 
Let Ad be the phase difference introduced by film 


2 
Ad = 7a (path difference introduced by the film) 


aE (ipa ioe 
—_- —— _ — ir bs xXlU- 
A 6000 x 107!° 

=e 

= 3 Tadian 
The power received at F 

P=P,+P,+2 JR PP, cosAd 


= 10-6 +4 x 10-6 +2 V10-° x 4x10 cos 


=7x 10 °W. 
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0.25 /=J, and0.14/=, Glass 


Plate 


Glass 


Imex (With) 


‘nin (Ji; -Jhe) 
[J0.257+/0.147]} 49 


~ (f0.257-J01472 1 


15. (a) 2,=4000A and2,=5000A 


For total internal reflection to take place, 8 should be 
greater than C. For smaller values of C, the values of 
should be high or in other words the value of 7 should 
be small. 
Therefore, total internal reflection will be given by 

i, = 4000 A 
Here, sin®@ = 0.8 (given) > 6@=53.1° 

| l 


zs SS 
He 'sind 0.8 


— = 1.25 
(4000 x 107!°) 


=> b=08~x 10-4 m2 
(b) Applying Snell's law at N for wavelength 2, 


w=1.2+ 


0.8x10 74 
(5000 x 107!°)2 


sInr 


= —— wh =1.5+ 1.232 
i sin! al 


sinr : 
— £232 08 => r=80.3 
From the figure it is clear that the deviation, 
6=r—i=80.3°—53.19=27.2° 
(c) The intensities of transmitted beams are 4/ and / 
respectively. 


Path diff= u(MB)— AN 
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16. 


17. 


_ 0" (ABsini)— ABsin® 
sini 
= 0 
Since both the radiations are mutually coherent and 
while coming to focus these travel equal paths, 
therefore, these two beams will arrive in phase at focus. 
Resultant Intensity 


Ix = (i # Va) = (Va +7) 
= 3VI)* = 91. 


The light entering the rod does not emerge from the curved 
surface of the rod when the angle (90° — B) is greater than 
the critical angle. 


where C 1s the critical angle. 


Le, W< 


sinC 
Here, C=90-8 


I l 
= sin (90° —B) ae cosB 


l 
Asa limiting case, u = 
g bl - 


... (I) 
Applying Snell's law at A 


sin o ; sin 


=> sin B= ... (il) 
u 


NOTE : The smallest angle of incidence on the curved 


Be sin B 


TG at be ee 
surface is when a = a This can be taken as a limiting case 


for angle of incidence on plane surface. 


From (11) 
sin 1/2 oe de 
in B sin B ... (ill) 
From (1) and (11), sin B = cos B 
=> p=45° 
l l 


= cos45° 1/2 = v2 

This 1s the least value of the refractive index of rod for light 

entering the rod and not leaving it from the curved surface. 

(1) In this case, the two identical halves of convex lens 
will create two seperate images S, and S, of the source 
S. These Images (S, and S,) will behave as two 
coherent sources and the further dealing will be in 
accordance to Young's double slit experiment. 


18. 
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For lens L, 

The object is S$ 

u=—0.15m, v=?, f=+0.1m 

1 1 1 1 1 1 #1 l 
vu ff vf ui Ol -0.15 


> v=03m 
A SO,O, and A SS,S, are similar. Also the placement of O, 
and O, are symmetrical to S 


S155 _ury 
OO, u 
— (utv)(Q,0O,) _ (0.15 +0.3) = 
=> §$,S,= = 0.15) x 0.5 x 10 
=> S,S,=d=15x107m -. D=13-03=1m 
The fringe width 
9 
_ AD _ 500x107 x1 103m 


d 15x10 3 


Therefore, 
1 = 
OA = 3B=3x x10 3m =103 


(i) Ifthe gap between L, and L, 1.e., O,O, is reduced. 
Then d will be reduced. Then the fringe width will 
increase and hence OA will increase. 

(i) Since Y is below of optic axis, therefore the image is 
real and inverted. 

(ij) STEPSOF CONSTRUCTION OF DIAGRAM. 

For convex lens 

(1) Join XY. This represents the ray originating from the 
source and meeting the image Y. Since the ray is 
undeviated after passing through the lens, therefore O 
is the optical centre of the lens. Draw Y,OY, 
perpendicular to AB. 

(2) Drawaray from X, parallel to AB. It strikes Y, OY, at M. 
Join MY. It cuts AB at F. This is the focus of the convex 
lens. 
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(ii) For concave mirror 
As the image is real and inverted, the concave mirror 
has to be placed towards the left of X. To find the exact 
position of the concave mirror, we draw a line YY' 
perpendicular to AB such that BY = BY' 


Join Y'X and extend the line to meet AB at O. Ifthe concave 
mirror is placed at O then after reflection at O, this line will 
meet Y. 
To find the radius of curvature of the mirror 
Join X and Y. Let it cut AB at C. This C should be the centre 
of curvature of the concave mirror. With OC as radius, draw 
a part of sphere. This is the concave mirror. 
To find the focus of the concave inirror 
Draw XM parallel to the principal axis. Join Mto Y. Let it cut 
AD at F. Therefore, Fis the focus of concave mirror. 
(a) SLOPEATP 
To find the slope at B, we draw a tangent to the trajectory 
at B. The trajectory is such that as the ray passes 
through the rectangular transparent medium, the ray 
continuously deviates towards the normal. The tangent 


at B makes an angle 0 with the x-axis. Therefore, the 


d 
slope at point Bis tan@ = o .. (i) 


(Origin 


iis the angle of incidence at B then according to ABOM 
Tt 
sal aie aa ... (il) 


Substituting the value of 6 from (11) in (1) 
nm .\ ay 
tan| —-i| =— 
(= = 


(b) EQUATIONOFTRAJECTORY 
According to Snell's law, when light propagates 
through a series of parallel layers of different media, 
then 


... (Il) 


Lear 
dx 
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n sin i = constant 
Let us consider the rectangular state to be made up of 
parallel layers such that as we move in the + Y direction, 
the refractive index increases as given by the 


relationship 

n(y) = [ky? + 1)? ..{iV) 
Applying Snell's law at O, we get 1 x sin 90° = constant 
=]. 


Again applying Snell's law at B, we get 
n sin i= const. = 1 (from above equation) 


2 
n= —— = cosec i= v1+00t" i = = 1+| 2) 


dx 
2 
Vhy?!? + (2) from (iv) 
a 

dy He D8 ae = 

=> re =[ky'~ | =P a = d& (. k=1) 
dy _ 

=> wa 


=> 4y!/4= x + Cwhere Cis an integration constant. 


Butat x=0,y=0 
4 
x 
C=0 eo >yR (=| 


(c) CO-ORDINATES (x,, y,) OF THE POINT P 
AtP,y=Ilm_ x= 4y!/4=4 


The coordinates of P are (4m, 1m) 
(d) The refractive index at P 


= [ky? fe j]!2= [1 (1)32 i j]!2= = re) 
if; i, is angle of incidence at P then according to Snell's 
law, 


l 
n, Sin i, = =] => sini, = Np) 


' =—_ _ . 
Also by Snell's law, n,;. sin r= N, sin i, 


I sin, = 2x > sin r, =] > r= 5 

= After emerging from the rectangular glass slab, the light 

ray becomes parallel to slab length. 

(i) The ray incident on AB at M makes an angle of 
incidence i. It gets refracted at M. The angle of 
refraction is r. Applying Snell's law at 4 


sini , 
n= = ...(1) 


sin’ 


From fig 
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ZAPM= 180° —(45° + 90° —r) =45° +r The shift has to be such that the minima shifts to the axis. 
and C=90° —(45° + r)=45°-r 

The ray after refraction at M enter the prism and strikes its For this the shifting of the fringes should be B where B is 
diagonal face AC making an angle C with the normal at P. 2 

Here C is the critical angle, therefore, the ray after refraction fringe width. 
at P makes angle of refraction 90° 

Applying Snell's law at P 


eee : 
if, ines .. (ii) nN 
C n d 
v 


ny sin 


From (1), sni=nsinr =nsin (45°-C) 


=n [sin 45° cos C—cos 45° sin C] Minima 


_ JeINI-sin® C-sin Cy ° 

cas aa a) 

sin i= teary [From (ii)] ig | ml. | 2 
Bdyt — 6.3x10* x10 x1.33 


l >. {= 
5 eee Fa age nm} Uoh—mu)xD  — 2(1.53—1.33)x1.33 
r ae ; = 15.75 x 10-7 m= 1.575 x 10° 
(i) Angle of incidence at AB for which the refracted ray 7? = = 
passes through the diagonal face undeviated. For this to ; 7 sci } 
happen, the angle of incidence of ray MP on diagonal face 4a te 
should be zero. It means that the ray should strike normal to 
AC. 


tne Given uy +v,= 1.8m ... i) 
Applying Snell's law at M, we get n= — The magnification of lens (1) is 2 
r 
Since ZAP'M = 90° Z AMP= 45 => r= 45° = 2 di) 
uy — 
l. . 
sin /'=nsinr=n sin 45° = ~~ = 0.956 From (1) and (11) 
uy = 0.6+d é Vo — 12-d 
a Applying lens formula 
A A 1 l 1 
i) mb=a meal ash a 
(i) om? dan > hin = a, ee aaa ....(ill) for lens (1) 
= 1 1 1 
AgD 10 x1. eae hs : 
Fringe width = ah = eore nt tS V5 - uy f ...(iv) — for lens (2) 
mud 1.33 x10 a 
From (111) and (iv) 
=6.3 x 104m , aa 
(i) KEY CONCEPT : The shift of fringes when one slit is + aa ee 


covered with thin glass sheet is vatd uwy-d vy Uy 


Dtl ob l l l l 
7 gry => 4 — _ = —__ + 
as er 12-d+d 06+d-d 12-d 0.6+d 

mi 
On solving, we get 


where, ¢ = thickness of glass sheet. 
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=> d=0.6m From (1) and (2), 
Substituting this value in (iv) 3 
1 1 1 the angle of incidence is i = sin“! (3) 
+ =— 
12-06 06406 f/f 25. (a) The path difference (Ax) from the ray starting from S, 
f=04m and S, and reaching a point P will be 
Ax= dsin®@ 


27 20 
23. The phase difference = ra Ax= ca (SA + A) 


| 
We know that J (6) =, cos? [ ) y 
| 
= q imax = Disa cos” 2 => $=30°=2 “ 
rX 
= FE SRA) => Ax= 6031 
> 1=93x10%m We know that the path difference for minimum intensity is 


r 
(2m— 1) 5 where m= 1, 2, 3... 


r 
dsin8 =(2m- 1) 5 


(2m-1)h (2m-1)0.5 2m-1 


ae 2d 2x1.0 4 
24. Also —1< sin@ <1. Therefore, possible values of m are+ 1, 
+ 2,0 
From A POQ 
eo te . - D : ; 
For Minimum peveuen | epee sin 8 .@ 
(a) Therays of wavelength A, incident at any angle on the 1—sin2 0 
interface BC will pass through without bending, Positions of minima 
provided the refractive indices n, and n, have the same \ 
value for the wavelength A. Equating the expressions Form=+1, sin@ =— and y=0.26 
of n, and n,, we get : 
3 
—4 -4 m=—1,smn0@=-—— and y=-1.13m 
1304 10.8 x10 ~ 1.45 + 1:80*10 4 
2 2 
Ao ho be 8 
_ m=+2, sin0=— y=t+1.13m 
(where A, is in nm) 4 
; l 
(90x 104)’ i m=0, sin@=—— “ y=—-0.26m 
or Ag= [ “025 | =600nm 4 
0 
0.25 (b) WHENTHE INCIDENT BEAM MAKES AN ANGLE 
ere OF 30° WITH X-AXIS 
(b) For the wavelength 600 nm, the combination of prism Two cases arise as shown by the following two figures. 


acts as a single prism shaped like an isosceles triangle 
(ABE). At the minimum deviation, the ray inside the 
prism will be parallel to the base. Hence, the angle of 
refraction on the face AC will be r= 30°. 


n 
Now sini=nsinr=nsin 30° = 5 (1) 
The value of n at 600 nm is 


10.8 x 104 
n=1.20+ Osx =1.50 .Q 
(600) 
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Path difference between ray | and 2 reaching P=S,M—NS, 
Ax, = dsin@-dsina (Case 1) 


Path difference between ray | and 2 reaching P= NS, + S\M 
Ax, =dsina +d sin @ (Case 2) 

Position of Central maxima : Path difference should be 

zero. Therefore Ax, = 0 or Ax, =0 

=> dsna=dsin0 


=> sind => 0 = 30°] 


Froin equation (i), y= 0.58m 


Sad Xr 
For first minima; dsin89+d sina = ry 


= dsinO => dsina 


+ 


; | 05. 1 1 3 
sin8 = —+sina = —— + sin30° = —+—=— 

2d 2x1 42 4 
From equation (1), y= 1.15m 


For first minima on the other side 
, ; r | 
PMO PG = => 702 — 
4 


From (i), y= —0.26m 
26. (a) Letthe central maxima is obtained at a distance x below 
O. [This is because a glass sheet is present in front of 
S, which increases its path length to the screen. 
Therefore the path length of ray from S, to the screen 
should also increase]. 
Here, 


; (10.4x10~°)(1.5) 


(ug ,) eed 
0.45x107> 


—-l||tx— 
Lin ) d 
=433x103m 

ie. 2) 
(b) For O, path difference = (a it 
Lin 


Phase difference 
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ifs ae ee (45-1) (10.4x10°°) 
AN \ Min 6x107/ \4/3 
= 6.8 rad 


We know that J = I, cos? 2 


I 
5 a cos? (6.8) = 0.75 


(c) Formaximum at O 
Again path difference = He = ; t 
Hin 
We know that for maxima, path difference =n 


m= (He) 


(Ye \t (15 .)10.4x10° 
S02 aa a 
ie. n \4/3 n 
— 13x10 m 
nN 


Putting different values of n for find the wave length in the 
range of 0.4 x 10 m to 0.7 x 10-© m we get 
24 =0.65 x 10 mand 0.433 x 10m 
27. 


(Fig. 1) 


(Fig. 2) 


Figure 1 shows vector OM '= 6V3i+ 8/3) 

Figure 2 shows vector 4 = 6/3i+ 8/37 ~10k 

The perpendicular to line MOM' is Z-axis which has a unit 
vector of k. 


Angle between vector MP and OP can be found by dot 
product. 


MP . OP =(MP) (OP) cos i 
(6V3i+8/37-10k) (-k) 
(63)? +(8V3)? +(-10)? + (1) 


=> i=60° 
Unit vector in the direction of MOM' from fig. (1) is 


- 6V3i+8v3 j a Ue ae 
= ee hee 
(6V3)2 + (83) 2° 5S 


To find the angle of refraction, we use Snell's law 


= COS] 


v3 _ sini sin60° 


J2  sinr — sinr 


=> r=45° 
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Incident ray 


(sinr)n 
x-y plane , 
\ | -(cos r)k 
r 


Refracted ray 
Now, r= (sinr) n- (cosr) k 

3 4- a 
= (sin 45°) i433] —(cos45°)k 


a oe 
= pi + 4) -Sk) 


5/2 


28. First of all, we consider the refraction at plane surface. Here 
the image of P will form at / after refraction from I surface. 


For plane surface : 
Object distance u =— mR 
Radius of curvature of the plane surface = 00 
The ray is coming from air and incident on the glas. 
Here pt, = 1, wy = 1.5. 
Ps) OR Rh ae | 
Vv 


Apply — 7 mae an (as R= 00) 


1.5 
Image distance v= a (-mR)=-1.5mR 
5 1.0 


Now we consider refraction at the curved surface. 
Object distance, u=— (1.5 mR+R) 

Here, p = 1, wp, = 1.5, Image distance, v = 00, 
Radius of curvature =— R 


ee eee me 
oo (LSm+I)R —R 


29. (a) For the lens 


4 30. 
3 
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Dt es i at oe oY OU am 
y 1S 2060 ee a 


The image is formed to the left of the lens, real, inverted and 
three times the actual size (3.6 cm in height below PQ). 
For the mirror, 
1 1 1 | l l 2 
—+—=— > 


30 30 30 


I 
size of image = a x 3.6 =1.8 cm. 


This image will be inverted w.r.t. the original image and its 
position will be 0.3 cm above RS and 1.5 cm below RS. The 
position of the image is 15 cm to the right of the mirror. 

(b) The path difference between the two rays reflected 
from the upper surface AB (shown by ray 1, single arrow 
upwards) and lower surface CD (shown by ray 2 double 
arrow pointing upwards) is 


A 
i 4 
Ax=,nX ltt > 


n=1.5 
rn. 
Here 7 1 the path difference as the ray | suffer reflection 


from a denser medium on surface AB 
We known that for constructive interference 
Path difference = mA where mis 1, 2..... 


r l 
mt X att 5 =mr => 2 nt =(m—2] 


A _ 648 ~90Onm 
4nn 4x18 


when m=1,t= 


For no deviation condition 


CROWN(i) 


Now, the angular dispersion produced by crown glass prism 
0, —9,=A (My, - H,) 
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Also the angular dispersion produced by flint glass prism 
op —0, =A’ (H,'— H,) 


Net deviation 1 in blue light 
»= (Ma, — DA) — (He, — Ad 
2 51-1) 6°-—(1.77- 1) 4° =—0.02° 
Similarly Net deviation of red light 


3,= Uy DA Uy —DAy 

=(1.49- 1) 6°-(1.73-1) 4° =0.02 

Net dispersion = 6, —6,=—0.04° 
.. The magnitude of the net angular dispersion = 0.04 
(i) Ois the middle point of two slits S| and S,. 
S,S,=d=0.8mm 


Path difference AX, = SS, — SS, 
l 
or AX, =dsina =(0.8 mm)( +] =0.16mm. ...(i) 


Let R denotes the position of central bright fringe. Net path 
difference will be zero. 


Now AX, = S,R-S,R or AX, =dsiné ...(ii) 


For central bright fringe 
AX, — AX, =0 or dsin@—AX, =0 
or dsinO@=AX, =0.16mm 
0.16 1 
or (0.8)sin 0=0.16 or ae er 
1 
en ee EL Se ns De 
J24 49 5 Ss 
1 yy D 
- 5 Dy oy, =—4*=—=2em 


Hence position of central bright fringe is 2 cm above point 
QO on side CD. 
(i) pofliquid poured ifcentral fringe 1s at Q: 
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The liquid is poured into vessel upto OQ. 
The central bright fringe is formed at Q. 
For central bright fringe net path difference = 0. 


(u—1)t=AX, or (u—1)(100)=0.16 
or p-l= 0.0016 or w=1.0016 
The lens maker formula is 

a eee 

7 %R Ri Ry 


When the space between the lens and the mirror is filled 
with water, a system of two lenses 1s formed. 

(i) aglass lens 

(i) aplano concave water lens 

For a lens Here R, =+ Rand R, =—R 


ZnS (5 ors 


The focal length of the combination of two lenses will be 


1 i ft 1 033 _ 0.67 
pe ae ge ae a ... (i) 
f fi fh R RR 
A convex lens placed on a plane mirror behaves like a 
concave mirror. The image is formed at the object itself ifthe 
object is placed at centre of curvature of concave mirror. 
After refraction through lens, the rays fall on the plane mirror 
normally and retrace their path to form image at the object 
itself. 
Focal length of system (/) = 15 cm ... (il) 
From (1) and (11) 


a= 2°" _, R= 10.05 
is R 7 05 cm 


The same situation is repeated with two differences 
(a) The object and image distance are now 25 cm and 
(b) In place of water there is a new liquid of refraction 
index 

. 1 1 -(u-1) 
Again —=— and = 
fr f R 


length of new liquid lens. 


where f' is the focal 


New combined lens, 
Pod tit t@-)_tewtl 2-p 
Ff, f' RR R Ro) 


For new combined lens, 
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1 1 35. (a) Using Snell's law at surface AB 
ar ... (ii) las a 
From (i) and (ii) pala pes ee age 
2-n 1 Now, NM is the normal to surface AB. 
100225 ~ Hol oe 


33. (a) Because Sis a point source, fringes will be circular. 


Inin (VI-J0361\ (04)? 1 
© To \vi+/o36r) -(%4) 16 


1.6 
[-. Ifintensity of light falling on P directly from Sis J, then 
the intensity of light falling at P after reflection from AB is 
0.367] 
(c) Formaximum at P, path difference =nA 
If AB is shifted by a distance x, it will cause an additional 
path difference of 2x. 


P 


Screen 


r 
2x = (for minimum value ofx) > x= a= 300nm 


34. For an object placed at infinity the image after firstrefraction 3¢ 


will be formed at a distance v, 
Bg My Be | 
oa ae 0 
Image afte second refraction will be formed at a distance v, 
13. 2 BS HD = 
yy +R ... (i) 


vy 
Adding (1) and (11), 
M3 Bg - Hy HR 
vy RO O27 yy 
Final image is formed at the focus when incident rays are 
parallel. 
. 3k 
Therefore, focal length will be 
M3 — Hy 


But 7 OMN= 30° => ZAMO=60° 


B 

In AAMOQ 

Z AQM= 180° —(60° + 30°) = 90° 
The refracted ray inside the prism hits the other face at 90°; 
hence deviation produced by this face 1s zero and hence 
angle of emergence Is zero. 
(b) Multiple reflections occur in the film for minimum 
thickness. 
The intensity of emergent ray will be maximum if transmitted 
waves undergo constructive interference. 

For minimum thickness, 

Ax =i 
=> Ax=2pr=A, 


XN 
where t=thickness > t= om = 125nm 


Use Snell's law 
n, sini=n, sinr 
Here, n, =1,n,= 2. G=45° Fa? 
Ixsin45° 1 39° 
> sinr= —>—F=5 Dre 
0) 2 
The angle made by refracted ray at B with normal is 30°. 
.. Angle made by the first surface with refracted ray BC 
1s 60°. 
Hence the refracted ray at B is parallel to horizontal 
arrow. 


For refraction at spherical surface, u = 
Ny Mm N-N 
voeou R 


1.514 1.514-1.414 


04 or v=6.056m 


= Vv 
OP=6.056m 
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coincide, y will be same for both the maxima, 1.e., 
ME ONE, Mi 100 7. 
d d Ny Ay 500 5 
Minimum integral value of 7n, 1s 5. 


Minimum distance of maxima of the two wavelengths 


from central fringe 


15D 
= EDX =5 700 x 10-9 x 103=3.5 mm. 


38. f=0.3m,u=-0.4m 
Using lens formula 


| | | 


. 04 03 > v=12m 


| Cee aes) ee ae 
Now we have ——— = —,, differentiating w.r.t. ¢ 
vu ff 


ld 1d 
“+= =0 given “ ~0.01mis 


we have —-—~—+ = 
y~ dt 4 dt 


2 
(2) _ (1.20) v0 ooon 


a) (0.4) 


So, rate of separation of the image (w.r.t. the lens) 
= 0.09 m/s 


udv _vdu 


v dm_ dt dt 
u dt ue 


—(0.4) (0.09) — (1.2) (0.01) _ 


; 0.3587! 
(0.4) 


Magnitude of rate of change of lateral magnification = 0.35 


= 
SF, 
39. For total internal reflection on interface AB 


= Theminimum angle for total internal reflection for both 


the interface is 60°. 
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37. At the place where maxima for both the wavelengths 


(a) For minimum deviation of emergent ray from the first 
prism. MN is parallel to AC 
Z BMN=60° 

=> Zr=30° 

Applying Snell's law at 4 


sini 


B sInr 


sini=psinr 


sin i= fi xsin30°=~2 


=> i=60° is c 

(b) When the prism DCE is rotated about C in 
anticlockwise direction by 60°, as shown in the figure, 
then the final emergent ray SR becomes parallel to the 
incident ray 7M. Thus, the angle of deviation becomes 
zero. 


F. Match the Following 


(A)— (p). 
More the radius of aperture more is the amount of light 
entering the telescope. 


(B) — (q). 


(C)— (r). 

L=fotte 

(D) — (p), (q), (r). 

Depends on dispersion of lens, spherical aberration and 

radius of aperture. 

A-p, q, Fr, § 

@ When the object is at infinity, a real, inverted and 
diminished image is formed at the focus of the concave 
murror. 

e As the object is brought closer to the mirror, the image 
moves farther, remains real and inverted and increases 
in size (but still it is diminished as compared to the object) 

@ When the object is at C, areal, inverted and same size 
image is formed at C. 

@ When the object is brought still closer, a real, inverted 
and magnified image is formed beyond C. 

@ When the object is at focus (F), the image is highly 
magnified, real and inverted and formed at infinity. 

@ When the object is placed between pole and focus, a 
virtual, erect and magnified image is formed behind the 
mirror. 
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A-p, s; B-q; C-t; D-r, s, t 


3. 


(B) 


te 


For path difference 2/4 , phase difference is 7/2. 
For path difference 4, /3 , phase difference is 27/3. 
Here, 5) — Sof =0 

5(P) = 0 
Therefore, (p) matches with (A). 


The path difference for P, and P. will not be zero. The 
intensities at Py is maximum. 


(A)=h +h + 2/0, I, cos 0° 
= (VI, tfIn)° = (Up +10)? = lo 


(A) =f +h +2Vh yh cos 
=f; + [5 =I + Io =2Ip 
(P,)=1,4+h + 2/T, [I> cos(27/3) 


=1, +1, — Jy fly = Iq +1 - Ig = Lo 
I(fo) > 1(A) 
Therefore, (s) matches with (A). 


A P, 
P 
Po 

7 

6 =—, 0h =0, 6P — 

0 » St] eee? 12 


(Bj) =f + 1p +2Jh fly cosn/2 
= 1, +]y =Ip + Ip = 21g 
(A) =f +1, +2fh fly =4lp 
1(P,) =, +1 +2yf, JI, cosn/6 


=I, +1) tV3Sh fly 


=I + I + V3 Ip = (2+ V3)Ip 
Therefore, q match with (B) 


(C) 


(D) 
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S, | P, 
P, 
Po 
7 


Here 6(4)) =—A/2; 6(8) =—A/4, 5(P,) =—-A/6 
(PR) =f, +h +24); {Ip cos(-m) 

= f+ -2 fh fly =Ip tly —2p = 0 
(Ph) = Ty +1) +2Vh lh cos(-1/2) 

=1, +1) =I) +1p = 21 
(Py) =1, +1) +2Vh fb cos( —) 


=h+In+ fh fly =p t+ Ip + Ip = 3p 


I(P)) > (A) 
(¢) matches (C). 
sh P, 
Py 
Po 
Ay 


Here 5% = 34/4568 =-A/2;6P, =-5A/12 


3 
I(B)=h+h+2fh vb cos =" 


=I, +l =In tly = 2p 
1(R) = 1, +1, +2Vh Vb cos(-n) 
=h+Iy-2Jfhy fly = Ig tly —2f Ip [Ip =0 
I(Py) = 1, +n + 2h fl cos[—S/6] 


= 1, +I -NB Yh Jl =(2- V3) Io 


(r), (s), (t) matches (D). 


A-p, r; B-q,s,t; C-p,r,t, D-q,s 


(a) 


(B) 


(C) 


(D) 


When i, < Hy, the ray of light while entering the lens 
will bend towards the normal. Therefore p, r are the 
correct options 

When i> HH», the ray of light while entering the lens 
will bend away from the normal. Therefore q,s,t are the 
correct options. 

When i, = 3, the ray of light while coming out from 
the lens does not deviate from its path. Therefore p,r,t 
are the correct option. 

[15> [3, the ray of light coming out of the lens deviates 
away from the normal. Therefore q,s are the correct 
options. 
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6.  (b) 
1 (a) 
2 (c) 
3. (b) 
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e — f. For the ray to bend towards the normal at the 
prism surface }1, > ,. The ray then moves away 
from the normal when it emerges out of the 
rectangular block. Therefore 1, > p13. 

e — g. As there is no deviation of the ray as it emerges 
out of the prism, py = Hy. 

e — h. As the ray emerges out of prism, it moves away 
from the normal. Therefore 1, < py, . As the ray 
moves away from the normal as it emerges out 
of the rectangular block, therefore 1, > 1. 

e— 1. At the prism surface, total internal reflection 


at h 
has taken place. For this sin 45° > — 


l 


Ml, > 2 My. (d) 1s the correct option. 


rut 
“2 
l l l 
FOF EB| 
1 1 05 1 
f=2r 


1 1 1 1 1 ZI 
F fi fp 2r 2r 2r 4 
. F=r 


Similarly, we can either find or do not find the remaining 
options (b) is the correct option. 


G. Comprehension Based Questions 


For plane wave fronts the beam of light is parallel. 
Since points c and d are on the same wavefront, 
therefore > ,=0, 

Similarly, >, = by  Qy- b= >. by 

The gap between consecutive wavefronts in medium 2 
is less than that is medium 1. Therefore, wavelength of 
light in medium 2 is less than that in medium 1. Therefore, 
speed of light is more in medium 1 and less in medium 2. 


(c) Asn is negative, therefore direction charges 


n, sin 0, = Nn, sin 0, 


(b) The physical characteristics remain unchanged. 


Applying Snell’s law at P; n, sini, =n, sin (90° —C) 
n, = Refractive index of surrounding 


Q Ny 


[2 2 
n —n 
Nn, 


For S, (in air) For S, (in water) 


9 3 3 145 9 9 
oe mg | aie a 16 
6 


For s, | in 2, =—= 
| | 

IS {45 9  3v15 
ee _ 3vI15 


6 V16 4 24 


For S, (in water) 

wa=3. [64 _ 49 _ 3 viS 
4V25 25 4 5 

For S, (in air) 


naz. |4_ 49 NS 
25 25 5 


4 
For S, (inn, = Vis? 


nga Nid [64 _ 49 3 
4 25 25 4 


: 16 
For S, in as | 
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naa avis [64_49_ 9 
16 25 25 16 


(a), (c) are correct options 


1 
7. @ NA=—ynj -n3 
Ns 
Here 
NA, <NA, 


the NA of combined structure is equal to the 
smaller value of the two numerical apertures. 
(d) is the correct option. 


H. Assertion & Reason Type Questions 
1. (c) Statement1: 


NOTE : The mirror (spherical) formula : + ae 1S 
u Vv 


ye 


valid only for mirrors of small apertures where the size 
of aperture is very small as compared to the radius of 
curvature of the mirror. This statement is true. 
Statement 2 : 

NOTE : Laws of mirror are valid for plane as well as 
large spherical surfaces. 

Therefore, statement 2 1s wrong. 


Il. Integer Value Correct Type 


f 
1. 6 Given f =+20cm Alsom= Fa 


20 

M5 _ 20-25 _—30_¢ 

Ms 20 —5 
20-50 


2. 6 Inthe figure, C represents the critical angle 


P<—R—: 


Mw k—0 


Be ee ee 
4 
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3 Using mirror formula for first position 


object Image 


2 
“u=),y4= cm, f = +10cm 


ee Gee 
i ay fe? 2 a OE 
Using mirror formula for the second position 
1 1 1 7 1 1 to 
—+—=— D—+—=— DD — = —- — 
Vo uy f 50 uy 10 U5 10 50 
uy =—25m 
Change in position of object = 25 m 

18 


25 4 
ject = —xX—=3kmh 
Speed of object 30° 5 


2 For the convex spherical refracting surface of oil we 


apply 
a Oa 
u Vv R 


fo 
== La os 
(24) 6 
v=2lcm 


For water-oil interface 


V'= 16cm. 
This is the image distance from water-oil interface. 
Therefore the distance of the image from the bottom of 
the tank is 2 cm. 


3 For maxima 


Path defference = mx 
S,A—S,A =m 
SF 
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n-a? +x? +d? +x? | Va? =a =m 


(n—1).}(d7 +x?) =mar 
(2-1 a" +x" =m 


d? +x? =3mh 
d*+x*=9m*r2 
x? = 9m?)2 — a 
p*=9 => p=3 
Applying mirror formula 


Lae 10. SS: eb 
vy 150 150 30 
v=—30cm 
f,, =—LO0em f,=+10cm 
15cm 
30cm—> 


——_50cem—_—> 


For convex lens u = |2f,| 

Therefore image will have a magnification of J. 
When the set — up is kept in a medium 

The focal length of the lens will change 


pl) g fs 
teks Jo 
ie i ie 


a oe 


v u fi 


Applying lens formula 


eee = 140 

vy 20 175 ee eteee ee 
Niele 7 

M, = Magnification Pe i 0 
My|_|Mmurrorx M> | _ 

Now liy,| | Mmirrorx M, 


Here 7MPQ+ ZMOP = 60°. If ZMPQ=r then ZMQP 
= 60-7 
Applying Snell’s law at P 


sin60° =n sinr (1) 
Differentiating w.r.t ‘n’ we get 
Basie dr i 
— == 
sin r+ COs rx ..{11) 


Applying Snell’s law at O 
sin 8 =n sin (60° —7) ...{Iil) 


Differentiating the above equation w.r.t ‘n’ we get 


52 = sin (60° —r) + 60° -s 
cos 0 = sin (60° —r) +n cos (60° —7) an 


ee ae a 
cos 8 da = sin (60° —r) —n cos (60° — r) . 


[from (11)] 
d0 


| é ° ° 1 
reas [sin (60° —r) + cos (60° —7) tan 7] ...(iv) 


From eq. (1), substituting n = 3 we get r= 30° 


From eq (iii), substituting n — J3 , r= 30° we get 0= 
60° 
On substituting the values of r and @ in eq (iv) we get 


dé l 
an - cos 60° [sin 30° + cos 30° tan 30°] =2 
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Bl Section-B 


10. 


(b) 


(a) 


(a) 


(d) 
(a) 


(b) 


(d) 


(c) 


(b) 


(b) 


KEY CONCEPT : The resolving power ofa telescope 


D 
P= 1222 where D= diameter of the objective lens 


i. = wavelength of light. 
Clearly, larger the aperture, larger is the value of D, 
more is the resolving power or resolution. 
KEY CONCEPT : When two plane mirrors are inclined 
at each other at an angle 0 then the number of the 
images of a point object placed between the plane 


60° 360° 


mirrors is R —loif oF is even 
60° 
.. Number of images formed = 7 1=5 


The phenomenon of polarisation is shown only by 
transverse waves. 


(RP) Ag _ 5 
(RP), rr, 4 


In an optical fibre, light is sent through the fibre without 
any loss by the phenomenon of total internal reflection 
as shown in the figure. 
Optical fibres form a dielectric wave guide and are free 
from electromagnetic interference or radio frequency 
interference. 
For the phenomenon of interference we require two 
sources of light of same frequency and having a definite 
phase relationship (a phase relationship that does not 
change with time) 
A real, inverted and enlarged image of the object is 
formed by the objective lens of a compound 
microscope. 
When 6 = 90° eg = 20) =4 
) 90 

is an even number. The number of images formed is 
given by 

360 360 


n=-—-1=——-1=4-1=3 
0 90 


The incident angle is 45° . 
Incident angle > critical angle, i >i, 


-.sini>sini. or sin 45>sini, sini,=— 
n 


l 1 1 
“.sin45°>— or —>-— sn>J2 
n n 


V2 


11. 


12. 


13. 


14. 


15. 


(c) 


(d) 


(b) 


(a) 


(a) 


KEY CONCEPT : The focal length(/) ofthe final mirror 
L 2 l 


ee 
mp of) « 


m 


(1 1) 


l 
Here —=(u-1) 
fe R, Ry 


I 61 
= (1.5-1) + ]-2 


f he Le eee .. F=10cm 
F 60 30/2 10 
The combination acts as a converging mirror. For the 
object to be of the same size of mirror, 
u=2F=20cm 
The angle of incidence for total polarization is given 


by tan@=n >O= tan! n 
Where n is the refractive index of the glass. 


For constructive interference dsin®9 = nar 


: : nN 
given d= 2A a 


n=0, 1, —1,2, —2 hence five maxima are possible 
Frequency remains constant during refraction 


a 


Vv FO 
med My & x4 Ey AO 
\med _Vmed _C/2_ | 
Mair 


‘. wavelength is halved and frequency remains 
unchanged 


Vair C 2 


3 


a 
u 4 


sin@, = 


12cm 
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16. (b) 
17. (b) 
18. @ 
19. (a) 
20. (b) 
21. (a) 


o—_————  — )SEOlopic-wise Solved Papers - PHYSICS 


Ysya9% 
D d 
—3 —3 
Se yg VE. IU RST Oe 
(1.22)A (1.22)x5x1077 6.1 
Dywax = 2M 
Lea Glee 0 
Ji I R Ry 
te gl Ao 
Ti GE LR, Ry 
ie es) [4-4] Gi 
f, \16 R, Rp 
( \ 
Dividing (1) by (11), Im _ aoa =-8 
fg |15_) 
1.6 
ee 
: 5 


The shape of interference fringes formed on a screen 
in case of a monochromatic source is a straight line. 
Remember for double hole experiment a hyperbola is 
generated. 


sin : Tt 
( r and 7a sin 0) 


When the slit width is doubled, the amplitude of the 
wave at the centre of the screen is doubled, so the 
intensity at the centre is increased by a factor 4. 


I= Io cos” 6 
; , Io 
Intensity of polarized light = a 


lo 


I 
= Intensity of untransmitted light = J a : 


For a thin prism, D=(y-—1)A 
SinceA, <i, >u.<p,>D,<D, 


22. 


23. 


24. 


25. 


26. 


Zi: 


28. 


(a) 


(c) 


(d) 


(c) 


(a) 


(b) 


(c) 


The intensity of light at any point of the screen where 
the phase difference due to light coming from the two 


slits is @ is given by 
= 2{ 9 
l=I, cos @ where I, is the maximum intensity. 


NOTE : This formula is applicable when /.= I,. Here 


b=% 


2 
2 1 (a3) 3 
—=cos* —=| —| =— 
fy 6 2 4 
Power of combination is given by 
P=P,+P,=C15+5)D  =-10D. 
Now, P 
ow, f= ;-> f =—=— metre 
a ar a 


a (1. 100] cm=-10 cm. 
10 


The electron beam will be diffracted and the maxima is 
obtained at y = 0. Also the distance between the first 
minima on both side will be greater than d. 

This graph obeys the lens equation 


1 1 1 


vu f 
where fis a positive constant for a given convex lens. 
To find the refractive index of glass using a travelling 
microscope, a vernier scale is provided on the 
microscope 
Third bright fringe of known light coincides with the 
4th bright fringe of the unknown light. 


Peal) Lie Lae 1. = 2% 590= 442.5om 


d d 


O 


Applying Snell’s law at O 


cs sin90° | 
sinC sinC 
sin C = ae N3 
n 2 
“. C=60° 


Applying Snell’s Law at P 
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sin 8 


7 in(90-C) = sin@=nxsin(90—C); from (1) 


— sin 8@=n cos 


. 0=sin! ca COs co" 


29. @ 


lu 


Hereu = —-2f,v=2f 


As |u| increases, v decreases for |u|> f . The graph 
between |v| and |u| is shown in the figure. A straight line 
passing through the origin and making an angle of 
45°with the x-axis meets the experimental curve at 


P(2f, 2f). 


30. (b) Inthe medium, the refractive index will decrease from 


the axis towards the periphery of the beam. 


Therefore, the beam will move as one move from the 
axis to the periphery and hence the beam will converge. 


31. (@)_ Initially the parallel beam is cylindrical . Therefore, the 


wavefront will be planar. 


32. (a) Thespeed of light (c) in a medium of refractive index 


(1) is given by 


Cc : ; 
= o where Cp is the speed of light in vacuum 


MO  _ © 
EU My +d) 


As [is decreasing with increasing radius, it is maximum 
on the axis of the beam. Therefore, cis minimum on the 


axis of the beam. 
33. (a) Angle of incidence is given by 
(6V3i + 8V37— 10k). 


cos (ti) = 70 


—cosi=-7—=z 
2 


t Decreasing 
- Axis - 


34. 


35. 


36. 


37. 


(b) 


(a) 


(b) 


(d) 


£1=60° r 


From Snell's law, V2 sini = J3sinr 

Zr=45° 

A phase change of 1 rad appears when the ray reflects 
at the glass-air interface. Also, the centre of the 
interference pattern is dark. 

From mirror formula 


] 
= ae hae uo dt 1s™s 


* The E.M. wave are transverse in nature 1.e., 
kxE = 
=——=H 0 
Lo 

where #7 = B 

vy 
A (psc Gi) 

WES 


k is | Hand k isalso 1 tof 


or In other words X || E£ and k || ExB 
2 2 


Let a, =a, 1, =a,“ =a 
a, = 2a, 1, = ay? = 4a> Therefore 5 = | 
T= 1, +1 + 2/IyIp cos 
I= 1, +41, +2412 cos 
=> I, =51,+41,coso etl} 
= ie 2 _@,2 
Now, Imax =(@ +4)" =(a+2a)~ =9a 


Imax =94 => Ly am 


Substituting in equation (1) 


I 
L, agg er eons | 


I 
i, = “mst 54.8cos? 2 
9 2 


l, = fm] 148008" | 
9 2 
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38. (d) 
39. (c) 
40. (c) 
41. @ 
42. (c) 
43. (b) 
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The focal length of the lens 


Dee tg a AO). 
f v u 12 240 240 240 
240 
=—c 
f 21 
1 1 
— apse 1] 1-—— ]=1x— 
Shift (1 |= a 3 45 
Now v= 12——= cm 
Now the object distance u. 
A. 3 21 2:1 [5 a 
u 35 240 517 48 
1) =| 48 — a 
u 5. 7x16 
u=—7 x16 x 5=—560cm=—5.6m A6. 
_ Velocity of light in vacuum 
Velocity of light in medium 
3 pn 
oe ‘ “ty, 
2 3cm 
3? + (R—3mm)? = R? re 
=> 37+R?-2R3mm)+ (3mm)? =R? be +o. 
=> Re15cm :R- 3mm 
<—R—> 
t=(3-1)(4}=>t=30em ; 
fo DJ iran 
Relation between intensities 
B 47. 
Ip 
(unpolarised) 
A 48. 
Ip i _ 
= -( to) COs *(45°) = ew: 
Z a - 4 


It will be concentric circles. 

For the prism as the angle of incidence (1) increases, 
the angle of deviation (6) first decreases goes to 
minimum value and then increases. 

By Lens maker's formula for convex lens 


4-[#£-12) 

tf \ er R 
4 

for, HL, =3r/1 =4R 
5 

for Hz, ree =—SR 


=> f,=()ve 


(d) 


(d) 


(b) 


(c) 


44. (b) Forcritical angle@,, 


sin@, =— air 


For greater wavelength or 0 water 
lesser frequency | is less. 
So, critical angle would be more. So, they will not suffer 
reflection and come out at angles less then 90°. 
According to malus law, intensity of emerging beam is 
given by, 

I=Ip cos? 
Now, I,,=I 4 cos?30° 


Ip = Ip cos” 60° 


AS LT 4: =Ip: 
ca ee 
=— I, x—=Tp “1 Tp 3 
0.25 1 
sin 8 = —— = — 
25 100 


Resolving power = = 30 um. 


2usin 8 
Plane WF 


zl 


When r, =C, ZN,Rc=90° 
Where C = critical angle 


increases 


(Light bends Vel decreases 


upwards) 
sags 


I. cs 
As sinC= —=SInIy 
v 


Applying snell's law at ‘R’ 

sin r, = 1 sin90° ...(1) 
Applying snell's law at ‘Q’ 
1x sinO=p sinr, 

Butr, =A-r, 


..{Il) 
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49. 


(a) 


So, sin @= p sin (A—r,) 
sin 0=p sin A cosr,—cos A 
From (1) 


| l 
COS T, =4/1—sin? In = a 


By eq. (111) and (iv) 


, I 
sin 9 = HsINA j/l——;~ —cosA 


on further solving we can show for ray not to transmitted 


through face AC 


0= sin7! c sin(A —sin”! Gl 
UW 


So, for transmission through face AC 


Q>sin-! c sin(A —sin™! (+) 
Ul 


Given geometrical spread =a 


. r 
Diffraction spread = —x L= 
a a 


Thesum b = a4 aL 


a 


aL 


__(iii) 


[using (1)] 


(IV) 
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a db 
For b to be minimum — = 9 f{artt\=0 
da da 


a=VAL 
bmin= /4L + JAL = 2VAL = V4AL 


50. (b) A telescope magnifies by making the object appearing 
closer. 

51. (c) Weknowthat it+e-A=5 
35° + 79° —-A=40° . A=74° 


sn( “ 8m sin{ 72m 
2 2 


But p=——_~_/ = 
‘ sinA / 2 eae 
2 


= > sin 37° 4 2m 
3 Z 


| ? =1.67 
Mmax can be 3. That is Hygx iS less than 3 = 1. 


But 4,, will be less than 40° so 


W<? sin57? <= sin60° > yw=1.45 


A 


IA Ie 


IS 


[= 


Modern Physics 


Section-A : JEE Advanced/ IIT-JEE 


1. 30,000, 30,000 2. 500 disintegration/sec, 125 disintegration/sec 
3. frequency 4. eight, six 
5. intensity, decreases 6. lithium, 7 7. atomic number, mass number 8. 23.6MeV 
9. positive, p-part, n-part 10. reverse, negative terminal 11. 027A 12. 381A 
13. Band D, AandC 14. 3x 108 15. -1 16. neutrino 17. reverse 
18. 062A 19. 41 20. fusion, 24.03 
l F 2. &F 3. T 4. F 
1. (0b) 2. (db) 3. (Cc) 4. (c) 5. (a) 6.  (d) 7% 86() 8& ©) 
9. (a) 10. (d) 11. (a) 12. (b) 13. (b) 14. @d) 15. (b) 16. (c) 
17. (b) 18. (b) 19. (Cc) 20. (a) 21. (b) 22. (b) 23. (c) 24. (c) 
25. (a) 26. (d) 27. (d) 28. (c) 29. (d) 30. (a) 31. (d) 32. (a) 
33. (b) 34. (a) 35. (c) 36. (a) 37. (d) 38. (a) 39. (b) 40. dd) 
41. (b) 42. (d) 43. (a) 44. (a) 45. (c) 46. (c) 47. (c) 48. (a) 
49. (b) 50. (a) 51. (b) 52. (a) 53. (a) 54. (a) 55. (b) 56. (b) 
57. (a) 58.  (b) 59. (c) 60. (c) 
1. (bd) 2 °&#(¢,d) 3. (b,c) 4. (a,c,d) 5. (a) 6.  (d) 7 =6©(c) «8 = (cd) 
9. (a) 10. (a,b,c) Il. (© 12. (d) 13. (c,d) 14. (b) 15. (b,d) 16. (b) 
17. (b) 18. (b,d) 19. (b,c) 20. (c) 21. (a,b,c) 22. (a,d) 23. (a,c) 24. (a,c) 
25. (c,d) 26. (a,d) 27. (d) 28. (c) 29. (b) 30. (Cc) 31. (c) 32. (a,c) 
33. (b,d) 34. (a,c) 35. (a,c) 36. (a) 37. (a,b,d) 38. (c) 
1. (i) 5 (ii) 16.53 eV (ili) 3.65 x 10m (iv) 340 eV, -680 eV, 1.05 x 1074J.s_ (v) 1.05x10''m 2. 6, 18.835 x 10-7m 
3. 0,11, 13 4. (300A (2.510 m 5. (i) 1.142 x 10° (i)3 6 8mO,12.5x 103s, 

nh? | 
100 7. (i) "=——,_ Gi) 25 Gili) 5.478 x 107! m 8. (i) 2 Gi) 14.46eV (iii) 13.5 eV,0.7 eV 

624nme 
9. 2eV,0.754V 10. 119.6gm 12. (a) 232,90 (b)5.34 MeV, 1823 MeV 
13. (a)2.55eV (b)4>52 © at (d) 0.814m/s_ 14. 5.952 15. 6,3 16. (1) 3.4eV (ii) 0.66 10°m 

Tt 
17. (i) 14.43 sec. (ii) 40 sec. 18. 151eV,0.5A 19. 3.32x10°W 
1 Zi 3 
20. (a) 5 | 0 -(a—-ANo)e “1 0) 5No.2M) 21. 3.4eV,3.84eVand2.64eV 22. 2,4,10.5eV 
23. 6.25~ 10", 0eV, 5eV 24. 38451 Kg 25. 10°! J, 227.62 amu 
20 
10 20 (3.3 _4) 
26. 15log,3, —~, 10 27. (a)3 (b)4052nm 
Bea (NB weer 
2 

28. (a)5~ 10’ (b) 2000 NC (c) 23 eV 29. 42 30. log,(4/3) /3) 32. 0.26 
33. 0.55eV 34. J/2 35. (a)56 (b) 1.546 10!8 Hz. 36. 24 
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F 


1. A-p; B-t; C-u; D-r 
3.  A-p,r; B-q, s;C-p; D-q 
6 


Ze 
4. 


A-p, q; B-p, r; C-p, s; D-p, q, r 


A-p, q, t; B-q; C-s; D-s 


A-t, t; B-p, s; C-p, q, r, t; D-p, q, r, t 


In 


lL. 
%, a) 
13. (d) 


1 (b) 
1. (3) 
8. (3) 


— [= 


Ls fe) 2. 
- (Cc) 
(d) 
- (a) 
- (Cc) 
- (c) 
- (Cc) 
. (b) 
97. (d) 
109. (a) 


98. 
110. (c) 


7 Section-A 


Zz. ({(c) 
8. (b) 
14. (c) 


~ 


(8) 
(2) 


- 


99. 
111. (c) 


88. 


(1) 


10. (2) 


(Cc) 
(b) 
(a) 


- (d) 
« (¢) 


(Cc) 
(d) 
(d) 


100. (b) 
112. (b) 


= 

17. 
29. 
41. 
30. 
65. 
77. 
89. 


101. 


113. 


(a) 
(a) 
(a) 
(b) 
(b) 
(a) 
(b) 
(a) 
(c) 
(c) 


6. 


18. 
30. 
42. 
34. 
66. 
78. 
90. 


4. (7) 
11. Q) 


(a) 7. 

(a) 19. 
(ce) 31. 
(d) 43. 
(a): (33. 
(d) 67. 
(d) 79. 
(a) 91. 


(Cc) 
(d) 
(d) 
(a) 
(b) 
(b) 
(Cc) 
(a) 


102.(a) 103. (d) 


8. 


20. 
32. 
44. 
56. 
68. 
80. 
92. 


11. 


(Cc) 
(b) 
(d) 
(d) 
(b) 
(b) 
(b) 
(d) 


104. (d) 


(Cc) 


(a) 
(b) 


(7) 


. (9) 
Section-B : JEE Main/ AIEEE 


9. 
21. 
33. 
45. 
a7, 
69. 
81. 
93. 
105 


(a) 
(Cc) 
(b) 
(a) 
(Cc) 
(d) 
(b) 
(b) 


. (a) 


10. 
22. 
34. 
46. 
38. 
70. 
82. 
94. 


(C) 
(a) 
(a) 
(a) 
(C) 
(a) 
(a) 
(b) 


106. (c) 


(1) 


- (b) 
- (C) 
- (a) 
- (b) 
- (a) 
95. 


(d) 


107. (a) 


12. 
24. 
36. 
48. 
60. 
TZ. 
84. 
96. 
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7. (4) 


(a) 
(b) 
(d) 
(b) 
(C) 
(d) 
(b) 
(a) 


108. (b, d) 


JEE Advanced/ IIT-JEE 


A. Fill in the Blanks 
For minimum accelerating voltage, the electron should jump 
from n=2 ton=1 level. 
For characteristic X-rays 


ne binding energy of innermost electron = 40 keV 
lonisation potential of tungsten = 40 kV = 40 x 10° V 


=R,(Z-1)* a 


— 
he 


4. 


Minimum accelerating voltage, 


= 30,000 V 


Vnin rm, 


1)” er , 
A= A (Z] where A, = Initial activity = 1000 dps (given) 


A = Activity after n half lives 


I 
At t=1,n=1 .. A=1000 G = 500 dps 


3 
Att=3,n=3 ..A=1000 (-) = 125 dps 


Note : According to law of photoelectric effect 

(K-E.) vax = AV—AVo 

1.e., the maximum kinetic energy of electrons emitted in the 
photoelectric effect is linearly dependent on the frequency 
of incident radiation. 


aU > OOPb+x 4 sHe+y Se 
First we find the number of a- particles. The change in mass 


number during the decay from uranium to lead = 238 — 206 = 
32. Therefore, the number of a-particles (with mass no. 4) 


_ 22 _¢ 
4 
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10. 
11. 


12; 


13. 


14. 


15. 


The change in atomic number (i.e, number of protons) taking 
place when 8 a-particles are emitted and lead is formed 1s 
= 92 —(82 +2 x 8)=92-—(82+ 16)=92-—98 =-6 

This change will take place by emitting of six B-particles. 
Note : More the number of electrons striking the anode, 
more is the intensity of X-rays. 

When the speed of the striking electrons on anode is 
increased, the emitted X-rays have greater energy. We know 


h ; 
that energy, F = a . Therefore, when E increases then A 
decreases. 


Be hn——> 5 He +3 Li 

The resulting nucleus 1s of element lithium and mass number 
is 7. 

Atomic number, mass number 

fH+ fH ——> 4He 

Binding energy of two deuterons 

=2 [1.1 x 2]=4.4 MeV 

Binding energy of helium nucleus = 4 x 7.0 = 28 MeV 
The energy released = 28 — 4.4 = 23.6 MeV 

Positive, p-part, n-part 

Reverse, negative terminal. 


We know that 
l 1 1 
For K,, —=C|—-—-—~ |. where C is a constant 
A Lap np 
l 1 1 3C ; 
aa = Cl Se |S ee 
~ 032A F | ri o 
1 1 1 8C 
oe fe eee ee os 
For Kg, ~ F =| 9 


On dividing, we get A =0.27 A. 

The fifth valence electron of phosphorous is in its third 
shell, 1.e., 7 =3. For phosphorous, Z= 15. The Bohr’s radius 
for nth orbit 


fae) 32 


B and Dis a.c. input and A and C is the d.c. output. 

Case (i) When B is —ve and D is +ve 

Current passes from D> A—>C—->B 

Case (ii) When B is+ ve and Dis—ve 

Current passes from B > A> CB 

Thus curve is always from A to C in output (a d.c. current) 
The speed of X-rays is always 3 x 10° m/s in vacuum. It 
does not depend on the potential differences through which 
electrons are accelerated in an X-ray tube. 

Note : All electromagnetic waves propagate at 3 x 10° m/s in 


vacuum. 
2 

K.E. = ae and 
ar 


-kZe? KE. _ 
ar 7 T.E. 


Total energy T.E. = 


16. 


17. 


18. 


19. 


20. 


1. 


o—_———— ——— )SEOlopic-wise Solved Papers - PHYSICS 


6 C— §'B+BT +X > SC 3'B+ ,e+v (neutrino) 
The balancing of atomic number and mass number is correct. 
Therefore, X stands for neutrino. 
Reverse 

he — 6.63x10** x3x108 


min eV 1.6x107!? x 20x10? 


1 1 1 
= = R(Z-1)° Fad 


mM Ny» 


=0.62A 


Since for K,, 2) =2 andn,=1 


1 1 
“a = 1.097 (Z-1)2 |} = - 
0.761079 ( |S | 


>z-1=40 >2=41 
n=2 


X-ray 


n=1 
This is a nuclear fusion reaction 
Energy released = (Am) [931.5 MeV/u] 
=([2 x 2.0141 —4.0024 | x 931.5 MeV 
= 24.03 MeV 
B. True/ False 


For photoelectric effect 

hv —hvy =(K-E.) nay 

where = Planck’s constt. 

Vo = Threshold frequency 

=> (K-E.) max © V 

K.E. does not depend on the intensity of incident radiation. 
(K.E.) nay = AV —hV9 => (K_E.) may © V 

Thus maximum kinetic energy 1s proportional to frequency 
and not intensity. 

Note : When the cathode temperature is higher, then more 
number of electrons will be emitted which in turn will increase 
the anode current. 


m _ Ax1.67x10~7! 

4 1/3P 

37 Roa | 
1.67 x 1072? 


~ 133x3.14x(1.1x1075) 
where A = mass number. 
Note : The order of nuclear density is 10!7 kg/m. 


C. MCQs with ONE Correct Answer 


(b) KEY CONCEPT: 

We know that p= g,,, x Yo 

where pt = amplification factor, 

2, — mutual conductance 

ro = plate resistance 

“ b=3x10°« 1.5 x 103=4.5 
(b)  t),) =3.8 day 

1 = 0.693 0.693 

3.8 


Density = 


=3 x 10!7 kg/m? 


= 0.182 
f/2 
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10. 


(c) 


(c) 
(a) 


(d) 


(c) 


(b) 
(a) 


(d) 


If the initial number of atom is a= Ay then after time t 


the number of atoms is a/20 = A. We have to find t. 
2.303 Ay — 2.303 a 
uae ra log 40182 log 7/20 = 16.46 days 


: . {235 . 
One point charge is (33 u} uranium nucleus 


. 4, =92e 


@—— (x) 


It {>I 
The other point charge is a particle .“. g,=+ 2e 
Here the loss in K.E. = Gain in PE. (till a-particle reaches 
the distance d) 


| 2 
> — my" = peers >r= pe 
r 2 
— mv 
pi 


1. 9x10" x2x1.6x1071? x92 x1.6x10- 


5x1.6x10-2 
= 529.92 x 10-!©m 
=52992x10!4em  =5.2992 x 10°-!2cm 
6-particles are charged particles emitted by the nucleus. 
KEY CONCEPT: The maximum number of electrons 
in an orbit is 2n2. n> 4 is not allowed. 
Therefore the number of maximum electron that can be 
in first four orbits are 
2 (1)? +2 (2)2 +2 (3)? +2 (4)? 
=2+8+18+32=60 
Therefore, possible element are 60. 


We know that 
l 
1 p72 — => « Z* 
| d 


1 
i. 1s Shortest when 7 is largest 1.e., when Zhas a higher 
value. Zis highest for lithium. 
4'H* > 4He** +2e° +26MeV 
represent a fusion reaction. 
Fast neutrons can be easily slowed down by passing 
them through water. 
Note : The penetrating power is dependent on velocity. 
For a given energy, the velocity of y radiation 1s highest 
and a-particle is least. 
When one e is removed from neutral helium atom, it 


becomes a one e€ species. 
For one e~ species we know 


2 
E = 13.62 


n~ 9 €V/atom 
n 


For helium ion, Z= 2 and for first orbit n= 1. 


E, = =e 27 =-544eV 

(1) 
Energy required to remove thise™ = + 54.4 eV 
Total energy required = 54.4 + 24.6=79 eV 


11. (a) 


12. (b) 


13. (b) 


14. @ 


15. (b) 


~ F dali biased 
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mL ee 
dt 


= log, ae —(Ay +Ay)t 
Nes 
when N. , is initial number of atoms 


693 0.693 
Here 4 = es 
BC ae Pe B10 
Be oN oe Ee eee - 
N, 4 -~°4  \1620 810 


=> t=1 1080 years 

KEY CONCEPT: For a semi conductor n =n e422" 
where ny = no. of free electrons at absolute zero, n = 
no. of free electrons at 7 kelvin, E g — Energy gap, k= 
Boltzmann constant. 

As E,, increases, n decreases exponentially. 

As shown in the fig. (1) during one half cycle the polarity 
of P and S are opposite such that diode (1) is reversed 
biased and hence non conducting. 


Reversed biased 


Forward biased 

fig. (i) fig. (ii) 
During the other half cycle, diode (1) gets forward 
biased and is conducting. Thus diode (1) conducts in 
one half cycle and does not conduct in the other so the 
correct option is (b) (a and c.) 


Reverse bias 


KEY CONCEPT : 
(2”) 

E,, =—13.6 5 eV 
(n*) 


Therefore, ground state energy of doubly ionized 
lithium atom (Z= 3, n= 1) will be 


(3) 
Eb, = (-13.6)—— = -122.4 eV 
pC ny e 


Ionization energy of an electron in ground state of 
doubly ionized lithium atom will be 122.4eV. 

In the circuit, diode D, is forward biased, while D, is 
reverse biased. Therefore, current i (through D, and 
100Q resistance) will be 


50 +100 +150 
D, 1500 
100Q 
6V 


Here, 50Q is the resistance of D, in forward biasing. 
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16. (c) 
17. (b) 
18. (b) 
19. (c) 
20. (a) 
21. (b) 
22. (b) 
23. (Cc) 


Reactant 


Reaction (a) 60 x 8.5MeV =510MeV 2 x 30 x 5=300 MeV 


Reaction (b) 120 x 7.5 =900 MeV 
Reaction (c) 120 x 7.5 =900 MeV 
Reaction (d) 90 x 8 = 720 MeV 


24. 


25. 


(c) 


(a) 


o—_—_————  —  —— )SESOlopic-wise Solved Papers - PHYSICS 


In n-type semiconductors, electrons are the majority 
charge carriers. 

Note : 

Stopping potential is the negative potential applied to 
stop the electrons having maximum kinetic energy. 
Therefore, stopping potential will be 4 volt. 

KEY CONCEPT : 

According to Doppler’s effect of light, the wavelength 
shift is given by 


NS 
Cc 


ae AXxc (706-656) 
r 656 
Applying conservation of linear momentum, 
Initial momentum = Final momentum 
0= mv, -— mv, > MV, = MV, 


x3x108 +2 x 107 m/s 


Beta rays are same as cathode rays as both are stream 
of electrons. 
Nuclear density of an atom of mass number A, 


A(1.67 x 1072’) 


_ mass _ 
volume = nil.25x10-15 4 3p 


E V = SARS, = Ry Al’? Ry =1.25x 10'S 

d=2 x 10!7 kg/m?. 

2. Ne —> +He + 3He+ x 

The new element _X has atomic number 6. Therefore, it 
is carbon atom. 

KEY CONCEPT : Energy is released when stability 
increases. This will happen when binding energy per 


nucleon increases. 
Product 


(90 x 8 +30 x 5)=870 MeV 
2 x 60 x 8.5 = 1020 MeV 
(60 x 8.5 +30 x 5)=600 MeV 
KEY CONCEPT: 
Wie z 
m 
For ordinary hydrogen atom, longest wavelength 


pa R|- |= or , = 26 
rN 2 3 36 5R 


With hypothetical particle, required wavelength 


,_ 1 36 18 
2 SR 5R 
NOTE: 


As the electron comes nearer to the nucleus the 
potential energy decreases 


( —k.Ze? 


= PE. andr ones 
r 


26. 


Zi, 


28. 


29. 


30. 


31. 


(d) 


(d) 


(c) 


(d) 


(a) 


(d) 


on l 1 kZe* 
The K_E. will increase | -.. K.E.=—|P.E.| =Z 
2 2 +L 
1 kZe* 
The total energy decreases TE = 5 | 
r 


N, = Noe! and No = Nye™. 
N, eo LOA 1 


N> eM eM 


Gi N,; 1 l l 
ven ——=-:; “oa =T 
a ae Mg 
1 
or, 9At=1 or ‘=(4) 
9X 
KEY CONCEPT: 
he 
Amin = 7 
12400 
Nein = A=0.155A 
mn 80x10 


Energy of incident electrons is greater than the 
ionization energy of electrons in K-shell, the K-shell 
electrons will be knocked off. Hence, characteristic 
X-ray spectrum will be obtained. 
Note : In a nucleus neutron converts into proton as 
follows 
n>pit+e! 
Thus, decay of neutron is responsible for B-radiation 
origination 
For 2 to 1, 3 to2 and 4 to 2 we get energy that n=4 to 
n=3, 
I.R. radiation has less energy than U.V. radiation. 
KEY CONCEPT : 
In case of Coolidge tube 

he ; 
De cee a =}, (as given here) 
Thus the cut off wavelength is inversely proportional 
to accelerating voltage. As V increases, 1. decreases. 
i, 1s the wavelength of K,. line which is a characteristic 
of an atom and does not depend on accelerating voltage 
of bombarding electron since A, always refers to a 
photon wavelength of transition of e from the target 
element from 2 > 1. 
The above two facts lead to the conclusion that 
i, — , increases as accelerating voltage 1s increased. 


t 
N, = Noe = Noe . ...(1) 


wt 
as a 


t 
2 a 1 
Ny =Noe *2 =Noe %....(i)as 5t ae 
2 
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32. 


33. 


34. 


35. 


36. 


JT, 


(a) 


(b) 


(a) 


(c) 
(a) 


(d) 


Adding (1) and (11) we get 


N= N 5 N> = No(e!'* =F eoret 

(a) is NOT the correct option as there is atime + for 
which N 1s constant which means for time +t there is no 
process of radioactivity which does not makes sense. 
(b) and (c) shows intermediate increase in the number 
of radioactive atom which is IMPOSSIBLE as N will 
only decrease exponentially. 


KEY CONCEPT: 
tee 
ct Uf 


No. of electrons striking the target per second 


e 


pa ie Z* In*sn=3 
21 


> ly = hi and Ful < Evil 
A =A, (1/2)"; n= number of half lives. 


e-a(3) = (3) -G) 
1 “Q) “Wr 
=> n=4 
t = (4x100)us = 400 us 
In y-decay, the atomic number and mass number do not 


change. 
Given potential energy between electron and proton 


r 
= eV, log — [‘. |U eV] 
0 
Vy 1 
| F’| 2) eralog, = |= 0x1 
dr % Km 
But this force acts as centripetal force 
2 
Vi Vi 
BE aos Ey mv" ead ...(1) 
r rt i) 
; nh ‘ 
By Bohr’s postulate, mvr = oe (1) 
Tt 
From (1) and (11), 
my" r? 7 nh’ ry 
mv* An? x Voe 
252 
n°h°r 
>= oO spon 
4nV) me 


KEY CONCEPT: For an atom following Bohr’s 
model, the radius is given by 


rym 


r. = 


= where rg = Bohr’s radius and m = orbit 


number. 
For Fm, m=5 (Fifth orbit in which the outermost electron 
is present) 

m5? I 


0 : et 
| i ee 1ven) > n= 
a 799 4 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


(a) 


(b) 


(d) 


(b) 


(d) 


(a) 


(a) 


(c) 
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KEY CONCEPT : We know that radius of the nucleus 
R=R,A!®, where A is the mass number. 


-. Ro = RA 


4 4 
= 5 mR? = zs RG A => Volume « mass. 


By conservation of momentum, p, = p> 


| 2K ym = 2K 5m) 
= ./2K\(216) =./2K>(4) 


=> K,=54K, 

Also, K, +.K, =5.5 MeV 
Solve equation (1) and (11) 
From the graph it is clear that A and B have the same 
stopping potential and therefore, the same frequency. 
Also, B and C have the same intensity. 


(1) 


In two halflives, the activity will remain mn of its initial 


activity. 
For photon, 
I= () 
2 F AL 
For proton, Pp =V2mE 
h h - 
Ay =—= (Il) 
P 2mE 
Ag Re pd? 
M Ex di 
2mE 
I 2 
For K,,— <(Z—1]) 
r 
Ay (Z,-l)% 4a (1-1) 
Ay (Z)-1) A (Z,-1) 


= Zy-1=> => Z, =6 


Initially a photon of energy 10.2eV collides inelastically 
with a hydrogen atom in ground state. For hydrogen 
atom, 


13. 
E, =—13.6eV; E, = 8 ev=—3.4eV 


“. E,—E,=10.2 eV 

The electron of hydrogen atom will jump to second 
orbit after absorbing the photon of energy 10.2 eV. The 
electron jumps back to its original state in less than 
microsecond and release a photon of energy 10.2 eV. 
Another photon of energy 15 eV strikes the hydrogen 
atom inelastically. This energy is sufficient to knock 
out the electron from the atom as ionisation energy 1s 
13.6 eV. The remaining energy of 1.4 eV is left with 
electron as its kinetic energy. 

Note : Since electron shows wave nature, 1t will show 
the phenomenon of interference. 
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46. (c) 
47. (c) 
48. (a) 
49. (b) 
50. (a) 
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For electron, ’ = ae 
mv 


When speed of electron increases, 4 will decrease. The 
distance between two consecutive fringes 


A.D 
ane 
As X decreases, B also decrease. 


B.E. = Am x 931.5 MeV 
=(4 x 4.0026—- 15.9994) x 931.5 = 10.24 MeV 
For a nucleus to disintegrate in two half life, the 


probability is = as 75% of the nuclei will disintegrate 
in this time. 

Iodine and Yttrium are medium sized nuclei and 
therefore, have more binding energy per nucleon as 
compared to Uranium which has a big nuclei and less 
B.E./nucleon. 

In other words, Iodine and Yttrium are more stable and 
therefore possess less energy and less rest mass. Also 
when Uranium nuclei explodes, it will convert into J 
and Y nuclei having kinetic energies. 

The smallest frequency and largest wavelength in 
ultraviolet region will be for transition of electron from 
orbit 2 to orbit 1. 


mie ea 
122x107? m ? 2 4; 4 


a es =i 


= m 
3122 x10? 

The highest frequency and smallest wavelength for 

infrared region will be for transition of electron from 0 

to 3rd orbit. 


=t-—*_ Fh 
A 3122x1077 432% 


3x122x9x107? 


ne ji = 823.5nm 
The cut off wavelength is given by 
he 

ho =— Ai 

0” eV ) 
According to de Broglie equation 
ies 

Pp ~2meV 
2 2 . 

a ee : Gi) 


= > V =—— 
2meV amen 


31. (b) 


52. (a) 


33. 


34. 


(a) 


(a) 


From (1) and (1), 
ee he x 2mei~ _ 2mcr? 
> eh” h 


The continuous spectrum depends on the accelerating 
voltage. It has a definite mintmum wavelength. 
Greater the accelerating voltage for electrons, higher 
will be the kinetic energy it attains before striking the 
target, higher will be the frequency of X - rays and 
smaller will be the wavelength. The wavelength of 
continuous X - rays is independent of the atomic 
number of target material. 


Sample S -1 Sample S — 2 
Activity 5 uCi 10 uCi 
No. ofnuclei N,=2N} N,=N 
= e =2,N, = (4S) =h5N> 
dt 7, dt /, 
=> —5=),x2N...4) | —10=A,xN ._{il) 
From (1) and (11) 
» =: My x 2N NM = 1 
10 A,xN hy 4 
(2 )o — I E Ao =| 
(Ti2) 4 Tin 
The energy possessed by photons of wavelength 
550 nm is a = 2. 256V 
550 


The energy possessed by photons of wavelength 


450 nm is ea =2.76eV 
450 


The energy possessed by photons of wavelength 


1240 


350 nm is = 3.54eV 
350 


For metal plate p: 

o, =2eV. 
All the wavelengths are capable of ejecting electrons. 
Therefore, the current is maximum. Also as the work 
function is lowest in p, the kinetic energy of ejected 
electron will be highest and therefore, the stopping 
potential is highest. 
For metal plate q : 

bd =2.5eV. 
Photons of wavelength 550 nm will not be able to eject 
electrons and therefore, the current is smaller than p. 
The work function is greater than q therefore the 
stopping potential is lower in comparison to p. 
For metal plate r: 

d,=3eV 
Only wavelength of 350 nm will be able to eject electrons 
and therefore, current is minimum. Also the stopping 
potential is least. 


The wave length of first spectral line in the 
Balmer series of hydrogen atom is 6561A . Here n,=3 
andn, =2 
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55. (b) 


56. (b) 


57. (a) 


1 s(1 1) 5R 
ee a) pee ee 
- 6561 () (z | 36 A) 


For the second spectral line in the Balmer series of 
singly ionised helium ion n, =4 andn, =2 ;Z=2 


| 5/1 1 3R 
- — = R(2)| —-— | =— ii 
> (2) F 7 mi (1) 


Dividing equation (1) and equation (11) we get 
See See 
6561 36 3R = 27 


59. (c) 
V=1215A 
3 ~9 
See Sel ae 2106 keine 
c c 3x10 
option (b) 1s correct 
2 
NCy (Zuo -1) io ney =2.14 
i Mo (Za), 29-1 28 
Vv =(Z—b)here b =1 
v=(Z-l) 
| 2 
—«x(Z-] 
~ a (Z-1) 
| 
Ee ine 
My 2 
60. (c) 
oa oa: 


Ae 97 
My _ uy 1. 
MC wy uy 
1) 
1240 _ 
248 4 
1240 | 1 a) 
310 
1240 | _4%1240 ay 
248 310 
W=3.7eV 3 
he hc 
i ea ieee a 
ern, @€ 1 e 02 4 
hc|\ 1 | 
~|—-—l=% -V, 
ace ™" Me 2 
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_ Vo, —VYo, Aaa 
(Az —Ay )e 
From the first two values given in data 


, _1.6x10-1?[2-1]x0.4x 0.310 
0.1x3x10° 


h=0.64x10-% =6.4x10**J-s 
Similarly if we calculate h for the last two values of 
data h=6.4 x 10-*4J-s 
Binding energy of nitrogen atom 
=[8 x 1.008665 + 7 x 1.007825 — 15.000109] x 931 
Binding energy of oxygen atom 
=[7 x 1.008665 + 8 x 1.007825 — 15.003065] x 931 
.. Difference = 0.0037960 x 931 MeV (1) 


a8 po8 i ANE 
4neé> 5 R 


Also E dee e 
sO *O 5 R 


2 
TRO E892 a ante 
R 4nme& 5S R 


3 
Ey =—~x 
ae 


5 eee =x ~% 1.44MeV (I) 


From (1) & (11) 


3 M4 1 44 =0.0037960x931 
5 R 
- R=3.42 fn 
Pees 
Ag piss 

nn _ Ao _ 64 _ 

A 1 

.. time = 6x ty, =6x18=108 


2° —n=6 


D. MCQs with ONE or MORE THAN ONE Correct 
(b,d) Note : Shortest wavelength means highest frequency. 


This means highest energy. 
The energy of X-rays depends on the accelerating 
voltage provided in the X-ray tube. 


Also, according to Moseley’s law Jv =a(Z—b) . 
Thus the frequency also depends on the atomic number. 


(c,d) The threshold wavelength is 5200A. For ejection of 


electrons, the wavelength of the light should be less 
than 5200 A, so that frequency increases and hence 
the energy of incident photon increases. U.V light has 
less wavelength than 5200 A. 


(b,c) Nuclear fusion occurs when two or more lighter nuclei 


combine to form a heavier nucleus with release of a 
huge amount of energy. 


(a,c,d) We know, I, n- 


~13.6Z7 
Ey = aN, 
n 


nh 
Angular momentum, L, = an 
Tt 
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15. 


16. 


17. 
18. 


| PE. |=2 x| KE. | 
(a) Adiode can be used as a rectifier. 
(d) isthecorrect option. The electrons emitted by emitter 
are collected to the maximum by the plate in this case. 
(c) is the correct option. 


he 

eV 

(c,d) In the case ofhydrogen, atomic number = mass number 
In the other atoms, atomic number < mass number. 

(a) 

(a,b,c) are correct options. 

(c) is the correct option. 

(d) is the correct option. 

(c,d) are correct options. 

(b) Note: The intensity ofradiation emitted is proportional 
to the rate of decay which in turn is proportional to 
number of atoms left (radioactive). 


2303 No 


erin = 


» 810 WW 


~ 0693/2 210 Ny /64 5 1# DOUTS. 


(b, d) are correct options. 

Boron and Aluminium are trivalent impurities. 

(b) Since the p-n junction arrangement are in series, 
therefore the potential drop across a p-n junction will 
be proportional to their resistances. When the 
resistances will be equal, the potential drops will be 
equal. In circuit J, the two p-n junctions are attached 
such that one 1s forward biased (low resistance) and 
other is reverse biased (high resistance). Whereas in 
the other two circuits both are either forward biased or 
reversed biased. 


f{n2 1 
(b) 11/2 a and Mean life, «=~ 


(b, d) Since the stopping potential depends on the frequency 
and not on the intensity and the source is same, the 
stopping potential remains unaffected. The saturation 
current depends on the intensity of incident light on 
the cathode of the photocell which in turn depends on 
the distance of the source from cathode. The intensity 
(I) of light is inversely proportional to the square of the 
distance between the light source and photocell. 


l ; 
[To i and saturation current o J 
r 


l 
= Saturation Current oc ay 
r 


(Saturation Current) 4) _ hes 


(Saturation Current) initial aa 
' 0.2x0.2 
= (Saturation Current = ————_ x 18 =2mA 
( Mina 0.6 x 0.6 


19. (b,c) /,=10mA 


90% of electrons emitted produce a collector current of 
10 mA. The base current 


20. 


21. 


22. 
23. 


24. 
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1,= 10% of , = x 10=1mA 


Now, [,=1,7+1,=1+ 10=11mA 
() ,H?+,H-> He +p 
,H? + HP? > »Het* +n 
Net Reaction 3,H* > ,He*+p+n 
Am = 3 (2.014)—[4.001 + 1.007 + 1.008] =0.026 
3 deuterons release 3.87 x 107!2J 


3.87x10!2 x 107? 
3 


. 1049 deuterons release = 
= 1.29 x 1028] 


E E 129x108 
P22 S42 


; P =1.29x10!? Sec 


425=W,+T, (i) 


bat 


For metal B 


4.7=(T,-15)+W, — ..{iii) 


2 


Also Tz =—~ 7 (iv) [as eq. (1) 
2mX B 


Dividing equation (iv) by (ii), 


Tp he 
V4 2mr3 


2mr2, _ vl 
hr nN 


Ty-15 


he “(ai an, 4 


[-: Ap =2A, given] 
=> 4T,-6=T,>T,=2eV 
From (1), W,=2.25 eV 
From (111), Wp=4.2 eV 
Also Tp=T,—1.5=> Tz=0.5eV 

(a,d) are correct options. 

(a,c) Holes are electron vacancies which participate in 
electrical conductivity. These are produced in 
semiconductors. 

(a,c) The circuit for a p-n-p transistor used in the common 
emitter mode as an amplifier is shown in figure. The 
base emitter junction is forward-biased and the input 
signal is connected in series with the voltage applied 
to bias the base emitter junction. 
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25. 


26. 


Zi: 


28. 


(c,d) KEY CONCEPT: Due to mass defect (which 1s finally 


responsible for the binding energy of the nucleus), 
mass of a nucleus is always less than the sum of masses 
of its constituent particles. 


Ti 9 Ne is made up of 10 protons plus 10 neutrons. 


Therefore, mass of ? Ne nucleus 
M,< 10 (m, +m,) 
Note: 
Heavier the nucleus, more is the mass defect. 
20 (m, +m,)-M. 2> 10(m, +m,)—-M, 
Thus, 10 (m, +m *)>M,~ 
or M, <M, + 10(m, + m,) 
Now, “since M, <10 (m, +m ») 
M, <2M, 


(a, d) The ame aera of the electron in a Bohr orbit is given 


(d) 


(c) 


et el 2r 


Vv 
Since for the nth Bohr orbit, mvr = n (h/27), the time 
period becomes 
a ee ( An? m \ 2 
nh/(2nmr) [ nh 


Since the radius of the orbit 7 depends on n, we replace 
r. Bohr radius of a hydrogen atom is 


7 af hE | 
r=n ae 
T™me 
4,4 2 3.2 
fines [anim h 62 | _ al 4h e} | 
[ nh eer ers 
7; 
For two orbits, (a) 
ny 


It is given that 7, / T, = 8, hence, n,/n, = 2. 

The result follows from the formula based on laws of 
radioactive decay N= Ne™ 

The nucleus start decaying after time ¢ = 0 

Atjunction a potential barrier/depletion layer is formed 
as shown, with n-side at higher potential and p-side at 
lower potential. Therefore, there is an electric field at 
the junction directed from the n-side to p-side 
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29. (b) The continuous X-ray spectrum is shown in figure. 


32. 


E 


r =r’ 


All wavelengths > i,_... are found. 
705 
min ~V (in volts) 


Here Vis the applied voltage. 


where A 


ee =310 = 10-?m. 
a | 4 4(1.6 x107!9) 
=310nm 
0.693 l 
(t1/2)x = ( t mean) Y > a hy 
x Y 
“A, = 0.693 Ay 


XV, <Ay. Now, rate of decay = AN 

Initially, number of atoms (NV) of both are equal but 
since Ay<{X,, therefore Y will decay at a faster rate than 
%. 


(a, c) >, : 5 : >; = eVo, :€Vo, :eVo, 


Vo, Yo, :%3 = 0.001: 0.002 : 0.004 =1:2:4 
Therefore option (a) is correct 
Vo 

Metal 1 Metal2 Metal 3 


1/k (nm) 


0.001 0.002 


0.004 


. Ae 
By Einstein’s photoelectric equation, no d= 


hc 
V=—-—— "I 
en e ” 
Comparing equation (1) by y= mx + c, we get the slope 


of the line m= ae = tan 8 
e 


= Option (c) is correct. 
From the graph it is clear that, 


1 =| 1 
—=0.00l(nm) 4, 
ho, 1 0.001 


= 1000mn 


Also — = 0.002(nm) =o, =500nm 
02 


and Ag, = 250nm 


Note : Violet colour light will have wavelength less 
than 400 nm. 
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Therefore, this light will be unable to show photoelectric 
effect on plate 3 => Option (d) is wrong. 

33. (bd) Note: When binding energy per nucleon increases for 


a nuclear process, energy is released. 

° When two nuclei of mass numbers between 51 to 100 
fuse, the mass number of the resulting nuclei will come 
out to be between 100 to 200. The graph shows that in 
this process the binding energy per nucleon increases 
and therefore energy is released. 

° When nucleus of mass number 200 to 260 breaks; it 
will produce nuclei of mass numbers lying between 
100 to 200 if we assume that the two daughter nuclei 
are ofnearly same mass. This in fact happens practically 
that when a heavy nucleus splits into two parts during 
nuclear fission, two moderate size nuclei are formed in 
general. The graph shows that in this process also the 
binding energy per nucleon increases. Therefore energy 


is released. 
34 Angul ice Ghediven=s 
. (a,c)Angular momen mM =7 7-5, lheretoren=3. 
2 
Also r =o =4.5a, 
2 
Bais 3246 5 
Z Z 
we know that 
1 1 
~=Rz? — -—=4R 3 
a ny nj] 4 Ny Ny 
9 9 
F =3,n,=1 t A=——__ = —_ 
le ees a a 8x4R 32R 
eer ee er ae. 
or n, =3,n, =2 we ge sx4R SR 
| 
For n, =2,n, =1 we get A= ——— 
3x4R 3R 
(a), (c) are correct options 
35. (a,c) 
hc hc W 
We know that ———-W =e) > —-— =p 
Xr ene 


| 
For Vp versus > we should get a straight line with negative 


slope and positive intercept. 

For Vp vesus A, we will get a hyperbola. As A decreases V 
increases. 

(a) and (c) are the correct options 


36. (a) *9U > ‘YXe+ 3Sr¢+xty 
The number of proton in reactants is equal to the 
products (leaving x and y) and mass number of product 
(leaving x and y) is two less than reactants 
x =p, y=e 1s ruled out [B] is incorrect 
and x =p, y=nis ruled out [C] is incorrect 
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Total energy loss = (236 x 7.5)—[140 x 8.5 + 94 x 8.5] 
=219 MeV 
The energies of kx and ky together is 4MeV 
The energy remain is distributed by Sr and Xe which 1s 
equal to219—4=215 MeV 

A is the correct option 
Also momentum is conserved 


l 
KEL ae Therefore K.E, > KE, 


The energies of kx and ky together is 4MeV 
The energy remain is distributed by Sr and Xe which is 
equal to 219-4 =215 MeV 
A is the correct option 
Also momentum is conserved 


. Therefore K.E,. > K.E,, 
37. (a,b,d) 
2 13.627 nh 
We know that r=h—, LS 
Z n 27 
Relative change in the radii of two consecutive orbitals 
nd oe Foc: (n- 1)? 
2 = 1-4 = 1- 7 does not depend on Z 
tn Tn n 
2n-1 ; 
= =~ ee >> 
a ) 
Relative change in the energy of two consecutive orbitals 
E,, -£,-1 _ Pn =o n° (ne ee 
E, E, — (n-ly’ (n-1)?_— 
En Ent Pot _y_ VD dt 
L, 1 OP n n 
38. (c) The wavelength of emitted photoelectron as per de 
Broglie is 
h h 


i, =-= oS 
p {2m(K.E) 
When @ increases, K.E. decreases and therefore i, 
increases 
When /,,, increases, Np decreases , K.E decreases and 


therefore Ae increases. 
Xe 1s independent of the distance d. 


he h? h 
ey =p i 
ee ama | ° V2mk.E 


2 
whe yo h 


e 2mer2 


1) 


CA oh 


For V>>2. b<<eV 


he Vy 
Also Ok << V . Then from eq (1). 


| 


Ne X= 

e JV 
Therefore if V is made our times, i, 1s approximately 
half. 
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E. Subjective Problems 


13.65 13.6 > 
i fo 7-4 Sa 
Oo #2 4 : 9 
1 1 13.6x5_9 
Eek --13.622(1_1) =e Z 
oe 9 4 36 
But E, —E,=47.2 eV (Given) 
. 13.6x5 9 V47.2 x 36 
a Z~=472 «. 2Z=—— =5 
36 13.6x5 
: -13.6 > 
ii) E,=——Z 
(i) Fy 16 
1 1 9-16 
- EF, =-13.6Z7| —-— | =-13.6Z7 
ey me F | | 
_ +13.6x25x7 _ 16 53 
9x16 


13. 
(iii) E, = -=8 «25 =-340eV 


-. E=E ., —E,=340 eV=340* 1.6 10-73 [E, =0eV] 


But E = 2° 
Xr 


_ he _ 6.6x10-* x3x10° 


E  —_340x107!? x1.6 
(iv) Total Energy of 1st orbit =— 340 eV 
We know that —(T.E). = K.E. [in case of electron revolving 
around nucleus] 
and 2T.E. = PE. 
“. KE. =340eV ; PE.=—680eV 
KEY CONCEPT : 
Angular momentum m Ist orbit : 
According to Bohr’s postulate, 


= 3.65x107)°m 


nh 
myr = — 
2 
For n=1, 
34 
myr = a Ee ie 1.05 x 10°734J-s. 
21 21 


(v) Radius of first Bohr orbit 
53x10"! 5.3x107! 


Hi 
Z 5 
= 1.06 107!! m 
_ 12400 ps AO ni a a 
wind) © “975. I e ...(1) 
Also 
oe ok 1 14. 12.75 
26) 4-4-1275. --— |= >ny= 
ny Nn 1 nw 13.6 


For every possible transition one downward arrow is shown 
therefore the possibilities are 6. 


n=4 

= n=3 

Bg n=2 
ie 
= 9 

cope n=1 
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Note : For longest wavelength, the frequency should be 
smallest. 
This corresponds to the transition from n = 4 ton = 3, the 


13.6 13.6 
eee a 


—13.6 —13.6 1 1 
_ EOE. = = = 13.6| --— 
pe ae 42 ( 32 F 7 


= (0.66 eV =0.66 x 1.6 x 10-!9J= 1.056 x 10°719J 


energy will be E, =— 


A. = 18787 A 


A(inA) 
(1) In anucleus, number of electrons = 0 (-.: electrons don't 
reside in the nucleus of atom). 
(11) number of protons = 11 
(111) number of neutrons = 24— 11 =13 


(i) BE, = a for Bohr’s hydrogen atom. 
n 


—4R 
Here, LE.=4R .. E, =—- 
BB, -Se-(-S) = 3 () 
ha) aor. aa Al 
2 a2 2 
he ; 
poy a (ii) 
From (i) and (11) 
on 
r 


he _ 6.6x10*4 x3 x10° 


3R- 2.2 «10718 x3 
(i) The radius of the first orbit 
Bohr’s radius of hydrogen atom =5 x 107!! m (given) 
| E,|=+0.22 x 10°717Z*= 4R=4x 2.2 x 10-18 
KL=2 


_m 5x10! 5x10! 


eZ Z 2 
i) E,=- = Z* eViatom 
n 


=300A 


=2.5x10-!!m 


For Li2*,Z=3 E, = pea eV/atom 
n 


13.6x9 13.6x9 


AE=E,-—E, =— 13.6—(-13.6 x 9) 
= 13.6 x 8= 108.8 eV/atom 
agp SEW eee 
FE (in eV) 108.8 
(i) Thespectral line observed will be three namely 3 —> 1, 


352,251. 
I=0.125 V—7.5 
1 


dI=0.125 dV a es 
ts od «(0.125 


We know that plate resistance, om — = 8&mQ 


=-13.6 
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1 
The transconductance, g,, = Fa 
V=constt 


dV, 


At Ve =— 1 volt, V= 300 volt, the plate current 
I=[0.125 x 300—7.5] mA =30mA 
Also it is given that Ve =—3V, V=300 Vand /J=S5mA 


_| 30-5 |_ 25 
= 
The characteristics are given in the form of parallel lines. 
Amplification factor 
= 18m = 8 * 10° x 12.5 x 10° = 100 
(i) Let m be the mass of electron. Then the mass of mu- 
meson is 208 m. According to Bohr’s postulate, the 
angular momentum of mu-meson should be an integral 
multiple of h/2n. 


«107 = 12.5 x 10°35 


. 
Sy -* 
=. -* 
"saan 


(208m) vr = sie 
27 


x nh _ nh : 
— 2nx208mr 416nmr ~Q) 


Note: Since mu-meson is moving in a circular path, 
therefore, it needs centripetal force which is provided 
by the electrostatic force between the nucleus and mu- 


meson. 
(208m)? __ 1 3exe 
r ATE, 2 


_ 36° 
ANE x 208mv" 
Substituting the value of v from (1), we get 


_ 3e? x 416nmr x 416mmr 
ATE, x 208mn7h* 


; n- h’ &9 (i) 
— i Se AL 
624nme? 


(ii) The radius of the first orbit of the hydrogen atom 


_ eqht ; 
= > ...(I1) 

m™me 
To find the value of 2 for which the radius of the orbit 
is approximately the same as that of the first Bohr orbit 
for hydrogen atom, we equate eq. (1) and (11) 

2a2 2 

n°h's Eqh 

se = n= V624 25 
624nme” = m™me 
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1 1 
(ii) — — = 208R x Z7| — ee 
n my 


> | 998 x 1.097x107 x32} L-+ 
Xr 2 


=> =5.478 x 107''m 
(i) The transition state of six different photon energies are 


shown. 

P n=4 [-—0.85 eV] 

5 n=3 [-15ev] ¢ [0-5 eV] 
oO [+ 1.9 eV] 
E n=2 [-3.4eV] 

S [10.2 eV] 
Oo 

= 


n=1 [-—13.6eV] 


Since after absorbing monochromatic light, some of the 
emitted photons have energy more and some have less than 
2.7 eV, this indicates that the excited level Bis n=2. (This is 
because 1f7 = 3 is the excited level then energy less than 2.7 
eV is not possible). 

(ii) For hydrogen like atoms we have 


—13.6 


i 


n 


-13.6 9 aa ; 
sald ge SE 7g 
ey aaa 4 


eV/atom 


72 _ 2:7 4x16 
Bé6 12 


= 13. Poca 
13.6 12 


(ii) Max. Energy 


=1446eV 


E,-E3 =-13.6Z7 (5 - 5) 


aS 4x16 15 
Xx—=13.5eV 


=13.6x 
13. ri 12 = 16 


Min. Energy 


l l 
2 
Ey, — B, = —13.6Z (5-5) 


-13.6x 27 Ax 16 7 0 7eV 
B6 12 9xl6 
For hydrogen like atom energy of the nth orbit is 


me - 
EE, = ———Z? eV/atom 
n? 


For transition from n= 5 ton=4, 


1 1 _ 13.6x9x9 


hv =13.6x9| —-— 
16 25 16x 25 


=2.754 eV 
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10. 


11. 


For transition from n = 4 ton=3, 


13.6x9x7 
Post A G0 et re, 
9 16 9x16 


For transition n =4 ton =3, the frequency is high and hence 
wavelength is short. 
For photoelectric effect, hv'—- W= eV), where W= work 
function 
5.95 x 1.6 x 10-!9- W= 1.6 x 10719 x 3.95 
—> W=2x1.6x10-19=2eV 
Again applying hv—- W=eV'> 
We get, 2.754 x 1.6 x 10-19 -2 x 1.6 x 10° =1.6 «10-9 VV, 
=> Vy =0.754 V 
Energy required per day 
E=Px t=200 x 10° x 24 x 60 x 60 
= 1.728 x 10!3J 
Energy released per fusion reaction 
= [2 (2.0141)—4.0026] x 931.5 MeV 
= 23.85 MeV =23.85 x 106 x 1.6 x 10-1? 
=38.15 x 10-1J 
.. No. of fusion reactions required 


_ 1.728x10'° 


38.15x10°3 
.. No. of deuterium atoms required 
=2 x 0.045 x 1076 =0.09 x 1076 
Number of moles of deuter1um atoms 


= 0.045 x 106 


_ 0.09 x 1076 


6.02 x10”? 
. Mass in gram of deuterium atoms 
= 14.95 x2=29.9¢ 
But the efficiency is 25%. 
Therefore, the actual mass required = 119.6 g 


14.95 


he _ (6.6x10~**)(3.0x108) 


A 6000 x 1071? 
=33x10-19J 


Energy of one photon, F = 


Power of the source is 2 W or 2 J/s. Therefore, number of 
photons emitting per second, 


bay 2 
133x197 


At distance 0.6 m, number of photons incident per unit area 
per unit time : 


= 6.06 x10!8 /s 


ny 


ny = —1— =1.34x10'°/m?/s 
4n(0.6) 
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Area of aperture 1s, 


s= aa Z 7 (0.1 = 7.85 x 103m? 


.. Total number of photons incident per unit time on the 
aperture, 
Nz = NyS, = (1.34 10!8) (7.85 x 107)/s 
= 1.052 x 10!6/s 
The aperture will become new source of light. 
Now these photons are further distributed in all directions. 


Hence, at the location of detector, photons incident per unit 
area per unit time : 


mg —«*1.052x 101 

4n(6-0.6)*  4n(5.4)* 
=2.87x 103 s!m? 
This is the photon flux at the centre of the screen. Area of 
detector is 0.5 cm or 0.5 x 10~4 m2. Therefore, total number 
of photons incident on the detector per unit time : 
ns = (0.5x 107+) (2.87 x 10'3d) = 1.435 x10°s"! 
The efficiency of photoelectron generation is 0.9. Hence, 
total photoelectrons generated per unit time : 

ng = 0.9ns =1.2915x10"s! 

or, photocurrent in the detector : 


i = (e)ng = (1.6 x 107”) (1.2915 x 10?) = 2.07 x10 19 A 
(b) Using the lens formula : 


a oe een 
; 06 GoGo 


1.e., image of source (say S’, is formed at 0.3 m from the lens.) 


nq 


—_]_ — 5.7 m > 


Total number of photons incident per unit time on the lens 
are still n, or 1.052 10!%/s. 80% of it transmits to second 
medium. Therefore, at a distance of 5.7 m from S’ number of 
photons incident per unit are per unit time will be: 


_ (80/100) (1.05 x10!°) 
(4x) (5.7) 
This is the photon flux at the detector. 
New value of photocurrent is : 
i = (2.06 x10!7)(0.5 x 10-7) (0.9) (1.6 x 107!) 
= 1.483 x 10-1°A 
(c) For stopping potential 


x = (Ex max + =e%o +W 


ny = 2.06 x 10!3s-!m~ 
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12. 


13. 


—19 
eV, =e W = 1 =107eV 
r 1.6x107 
V)= 1.07 Volt 


Note : The value of stopping potential is not affected by the 
presence of concave lens as it changes the intensity and 
not the frequency of photons. The stopping potential 
depends on the frequency of photons. 


(a) Ane > ae de sHe 

A=228 + 4=232;92=Z+2>Z=90 

(b) Let v be the velocity with which a - particle is emitted. 
Then 


mv” grB- 2x1.6x107!? x0.11x3 
——_._ = qvB > vyv=-——— = ——" ess eee 
r m 4.003 x 10 
=> v=1.59x 10/ms!. 
Applying law of conservation of linear momentum during 
a-decay we get 
MyVy= MV (1) | . 
The total kinetic energy of a-particle and Yis 


l l 
i KE + K.E.y = 5 Maa + Smyvy” 
1 > | MyV 4) mov 
= —M V5 +—my | > = My Vo + MV, +—— 
2 Z my My 
m 
= Mo Vo ie 
2 my 
l 4. 
=— x 4.033x1.6x107! x (1.59 x10)? reeeaacles J 
9) 228.03 
=8.55x10-BJ 
= 5.34 MeV 
.. Mass equivalent of this energy 
Bpaces = 0.0051 
9315 2: a.m.u. 


Also, m,.= my +m, + mass equivalent of energy (E) 

= 228.03 + 4.003 + 0.0057 = 232.0387 u. 

The number of nucleus = 92 protons + 140 neutron. 

.. Binding energy of nucleus_X 

= [92 x 1.008 + 140 x 1.009] — 232.0387 = 1.9571 u 

= 1.9571 x 931.5= 1823 MeV. 

(a) The energy of photon causing photoelectric emission 
= Work function of sodium metal + KE of the fastest 


photoelectron 
= 1.82+0.73 =2.55eV 
—13. 
(b) We know that £,, = = ad for hydrogen atom. 
n m 


Let electron jump from 7, ton, then 


op 2236 _[-13.6) 
2 
(, 1) 


=> 2.55 = oy 


14. 


15. 
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By hit and trial we get n, =4 andn, =2 
nh 
[angular momentum mvr = — | 


21 
(c) Change in angular momentum 


h 


Oe yi ya 
27 27 T 


2n 20 
(d) The momentum of emitted photon can be found by de 
Broglie relationship 
h h hv _E 2.55x1.6x107!? 
N=—> p=-=-—=- a LS oe 
Pp Ac ¢ 3x10 


Note : The atom was initially at rest the recoil momentum of 
the atom will be same as emitted photon (according to the 
conservation of angular momentum). 

Let m be the mass and v be the recoil velocity of hydrogen 
atom then 


— 2.55«1.6x 107!” 


mxv ; 
3x10 


2.55x1.6x107” 
v= 3. 7 = 9.814 m/s 
3x10° x1.67x10 


ty = 15 hours 

Activity initially A, = 10~ Curie (in small quantity of solution 
of *4Na) = 3.7 x 10*dps 

Observation of blood of volume 1 cm? 

After 5 hours, A = 296 dpm 

The initial activity can be found by the formula 


pecs OOD i an Oe 
= 9810 4 0.693/15 


fog, A. = 5X0.693 _ 0.3010 
= 1810 596 2303x153 


Ay 373 

— =1.26 = =— 
= 596 = Ay= 373 dpm 50 
This is the activity level in 1 cm?. Comparing it with the 
initial activity level of 3.7 x 104 dps we find the volume of 


blood. 


x logio a 


= 0.10033 


dps 


3.7x104 
= —— =5951.7cm?=5.951 li 
373/60 5951.7 cm? = 5.951 litre 
For hydrogen like atoms 
E,, = 7 eV/atom 
Given B= By =102517=27.2eV (i) 
E,,— £3=4.24+ 5.95 =10.2 eV 
“ E,-E,=17 
13.6 9 ( 13.6 | 
But £, —E, =-——Z* -| -—Z 
ut 3 5) 9 4 


——]3.6Z7 5-4 
9 4 
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16. 


17. 


18. 


13.6x5 72 


36 


— —13.6Z7 r “|- 
36 


9 9 4—n* 
--13-2]--16.9} re | (I) 


From eq. (i) and (ii), 


=: 2 
; 979 
An 


> - 122.4(4-n2)=108.8n2 


n CLAY >n=6 
13.6 


-16:3] 


Gi) £,=—3.4eV 

The kinetic energy is equal to the magnitude of total energy 
in this case. 

“. KE.=+3.4eV 

(1) The de Broglie wavelength of electron 


34 
i= h _ 6.64 x10 eV 
2mK-J2x9.1x1072! x3.4x1.6x 107 

=(.66 x 109m 


(i) From the given information, it 1s clear that halflife of 
the radioactive nuclei is 10 sec (since half the amount is 
consumed in 10 second. 12.5% is half of 25% pls. note). 
Mean life 


1 ln _ 10 
A 0.693/t,, 0.693 0.693 ~ 14.43 sec. 


N 6.25 


ee —Xt Se 
(ii) N=Ne"™>N.~ 100 


r= 0.069387! 


6.25 
100 


— 90.0693 _, +0.0693 _ 100 _ 


6.25 


2.733 


0.0693t=In 16=2.773 or t= = 40 sec. 
0.0693 


As nodes are formed at each of the atomic sites, hence 


2A =n (2) A) 


[ -. Distance between successive nodes = A/2] 


9h OOOO 


N NN 
N N N a loops 


19. 


20. 
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and 2.5 A=(n+1) = 


2.5 n+15 n+l - 
i —_—=—_— = —— on =4 


2 n-4 on 
Hence, from equation (1), 


2A = 1 ie.,A=1A 


Now, de broglie wavelength is given by 


Bae 
v2mK re 42 om 


- (6.63 x 10734)? ee 
1x 10719)? x2x9.1x1073! x 1.6 x 10719 
) 


2 
x O09) ig SSieV 
8x9.1x1.6 
d will be minimum, when 
r~ 1A 
Rena oe ») =0.5A 


The reaction involved in a-decay is 


seeCm > 54 Pu + sHe 
Mass defect 


Am = Mass of ecm — Mass of 2a Pu — Mass of He 


= (248.072220 —244.064100-—4.002603) u 

=0.005517u 

aoe energy released in a-decay will be 
E,, = (0.005517 x 931) MeV=5.136 MeV 

Similarly, E = 200 MeV (given) 


fission _ 


= 10135 = 
X 


13 I 


Mean life is given as tf, oan = 


.. Disintegration constant A = 107 
oe of decay at the moment when number of nuclei are 
10° 1 
o- = iN = (107!7)(107") = 10’ dps 
Of these distintegrations, 8% are in fission and 92% are in 
a-decay. 
Therefore, energy released per second 
= (0.08 x 107 x 200 + 0.92 x 10” x 5.136) MeV 
= 2.074 x 108 MeV 
.. Power output (in watt) = Energy released per second (J/s) 
= (2.074 x 108) (1.6 x 10713) 
.. Power output = 3.32 x 10-° watt. 

A 


Rate of production = o Rate of decay =AN 


t= time 
N=Number of radioactive nuclei 
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21. 


(a) Let at time ‘t? number of radioactive nuclei are N. 
Net rate of formation of nuclei of A. 


LE ee ae ca = at 
dt a —AN 

N aN 
"wwa-aN 


Solving this equation, we get 
_i ~M 

N =| a—(a—ANo)e | 

(b) Substituting a =2ANpo and 


as 


t=). = in equation (1), 


we get, N= . 
(11) Substituting a= 2 Np andt — oo in equation (1), we get 
N= =2Np. 
x 
The energy of the incident photon is 


he — (414x107 eVs)(3 x 10° m/s) 

1 SS —]oeea-—-C. i: ___—"————X—x—«—«s«—&n&—«<—————— 
A (400 x 107? m) 

The maximum kinetic energy of the emitted electrons 1s 


=3.leV 


Emax Hy — W=3.1 eV—-1.9 eV =1.2eV 
It is given that, 
oa electrons 74 3 
: + »He*" ——\> He 
of maximum energy in 4th excited state 


+ photon 

The fourth excited state implies that the electron enters in 
the n =5 state. 
In this state its energy is 
pice (13.6eV)Z* —— (13.6eV)(2)° 

ee DO 

n 5 

=—2.18 eV. 
The energy of the emitted photon in the above combination 
reaction 1s 
E= Enax t (Es) = 1.2 eV+2.18eV=3.4eV 
Note : After the recombination reaction, the electron may 
undergo transition from a higher level to a lower level 
thereby emitting photons. 
The energies in the electronic levels of He* are 


_ (-13.6eV)(2*) 


=—3.4eV 
4 42 
~13.6eV) (27 
E, = (=13.6eV)(2°) _ —6.04eV 
32 
(-13.6eV) (27) 
2 


The possible transitions are 
n=S5—>n=4 


22. 


23. 
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AE= E,—E,=[-2.18—(—3.4)]eV=1.28 eV 
n=5>n=3 

AE= E.— E, =[—2.18—(—6.04)] eV= 3.84 eV 
n=53>n=2 
AE=E,—E,=[-2.18—-(-13.6)]eV=11.4eV 
n=4>5n=3 

AE= E,— E,=[—3.4-(—6.04)] eV =2.64 eV 

Hence, the photons that are likely to be emitted in the range 
of 2 eV to4 eV are 3.4 eV, 3.84 eV and 2.64 eV. 


Energy for an orbit of hydrogen like atoms is 


13.627 
n n 
For transition from 2n orbit to 1 orbit 


(1 1.) 
Maximum energy = 13.6Z 2 we ; j 
1 (2n) 


= 204=13.6z2{4- (i) 
1 


Also for transition 2n > n. 


40.8 = 13.6Z7 (+=) => 40.8 = 13.6Z7 & 
n An 4n 


z ; 
=> 40.8 = 40.8 ae => 4n* = 7? or 2n=Z.....(ii) 
n 


From (1) and (11) 
204 = 13.6Z7 4) — 13.6Z7 -13.6 
VE 


13.6Z2=2044+ 13.6=2176 


oe 217.6 Z A 
Z = 16, =-—=—=?2 
136 oe oo 
orbit no. = 2n =4 
For minimum energy = Transition from 4 to 3. 
p=136x4(44) =13.6x 2/ u —". 
3242 9x16 
= 10.5 eV. 
Hence n= 2, Z=4, E., = 10.5 eV 


No. of photons/sec 
_ Energy incident on platinum surface per sec ond 
Energy of one photon 


No. of photons incident per second 


2x10x1074 


~ 10.6x1.6x107! 
As 0.53% of incident photon can eject photoelectrons 
.. No. of photoelectrons ejected per second 


~1.18x10!4 


~1.18x10!4 x = 6.25x10!! 


Minimum energy= 0 eV, 
Maximum energy= (10.6—5.6) eV =S5 eV 
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24. 


25. 


The formula for n of power will be 


= Pout 
wR 
P 6 
. P= out = a ~19!° w 
N : 


Energy required for this power is given by 
E =Pxt 
= 10!° x 86,400 x 365 x 10 
= 3.1536 x 1018) 
200 x 1.6 x 107!3 J of energy is released by 1 fission 
“. 3.1536 x 10!8 J of energy is released by 


3.1536 x10!8 


200x1.6x107? 
= 0.9855 x 102? fission 
= 0.985 x 10*? of U23> atoms. 

6.023 x 1023 atoms of Uranium has mass 235g 
. 0.9855 x 10? atoms of Uranium has 


fission 


235 x 0.9855 x 10” 


6.023 x 1073 
Let the reaction be 


g=38451 kg 


aX > poy + 4He 
Here, m, = 223.61 amu and m, = 4.002 amu 
We know that 


ee, eee soy 
mv 2 
pe h° 
= But K.E. = —_. Therefore K.E. =——> ...{1) 
2m 2m1 


Applying eq. (1) for Yand a, we get 


—34,2 
ae (6.6x10°*) 


"2% 4.002 x 1.67x 1072” x 5.76 x107 5 x 5.76 x10! 


= 0.0982243 x 10-1! =0.982 x 10°-!2J 
Similarly (K.E.)y=0.0178 x 107!J 
Total energy = 107! J 

We know that E = Amc? 


E 10 
“Am =— =————kg 
c*> (3x108)? 


1.65 x 10-7’kg = 1 amu 


a 10°? 7 107? amu 
~3x108)? “8 1.67x10-27 x(3.x108) 


107)? amu 


1.67x9 x10” x10!° 
The mass of the parent nucleus X will be 
m,.=m,+m, + Am 
= 223.61 + 4.002 + 0.00665 = 227.62 amu 


= 0.00665 amu 


T,/2 = 10sec y Ti /2 = 30sec 
4» Y —_—"*+ ____-_-» 


- A. = 0.187 a 
ene 1, =—s 
* y ~ 30 

The rate of equation for the population of X, Yand Z will be 
dN 

it a ..{1) 
dN, : 
ae hy Ny +i,N, (i) 
dN = 

ae =-h,Ny ...(iii) 
= On integration, we get 
N, = Noe ...{1V) 
Given 
N..= A~No jer" de | 

dx —hy 
To determine the maximum Ny, we find 
dN. 

Y _9g 

dt 

From (11) 


hy Ny +A,N, = 0 
> AN, = Ay Ny 


AYN —r 
=> 1.(Noe **) -1,| # 7 (e 1-2) 
x 


hy 
log 0 u(3s) 
log, (A, /A fe) 430 
pe ac gs 
Nay fies 
30 
mee Noe 1 02 Be ) Noel8e3”) 
107° 
x 0 33 
dN 20 
Since, —~ = 0 att= I5 log, 3, -. Ny = Aas ae 
dt hy 243 


and N, = Ny-N,-N, 


(107°) 1020 _ |, o0f 3V3-4) 
1929 _ 2 —]| 
3B) 3 
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27. (a) Ifx 1s the difference in quantum number of the states 
than *!C, =6=>x=3 


nt+3 
n 
Smallest A 
30. 
—z* (13.6eV) 
Now, we have ———,——_ =-0.85eV __ ...(1) 
n 
2 
—z* (13. 
nd 2 OV) =o sag ev i) 31. 


(n+3)° 
Solving (1) and (11) we getn = 12 andz=3 
(b) Smallest wavelength A is given by 
aa = (0.85 — 0.544) eV 


Solving, we get A = 4052 nm. 
28. (a) Number ofelectrons falling on the metal plate 4 
= 1016 (5 x 10+) 


A B 


32. 


d=1cm 


.. Number of photoelectrons emitted from metal plate 4 upto 
10 seconds is 


(5x 107) x10!° 

a 
10 

(b) Charge on plate B at t= 10 sec 
QO, = 33.7 x 107!2-5 x 10’ x 1.6~x 10-19 =25.7 x 10-!2 C 
alsoQ,=8 x 10-!12.¢ 
Sp S4_ i! 
2&) 2&  2A€ 


x10=5x107 


(Op —-Q4) 


33. 


17.7 x107!2 


5x10 x 8.85 x107!7 
(c) K.E. ofmost energetic particles 

= (hv— 6) + e (Ed) =23 eV 
Note : (Av — 9) is energy of photoelectrons due to light e 
(Ed) is the energy of photoelectrons due to work done by 
photoelectrons between the plates. 

29. According to Bohr’s model, the energy released during 

transition from n, to n, is given by 


= 2000 N/C 


2 


1 1 
AE = hv = Rhc(Z —b)° Fad 
My BD 


For transition from LZ shell to K shell 
b=1,n,=2,n,=1 

1 1 
. (Z- 1)’ Rhe F — ;| =hv 

1 4 


On putting the value of R = 1.1 x 10’ m~! (given), 
c=3 x 10°m/s, we get 


Z=42 
loge = i, . 
N= =—lo 
t 2 80.750 
Mean Life a 
Sean Ne fog a(S 
(a) eV)=hv—hvy =5-3=2eV 


V. = 2 volt 
(b) Note : When the intensity is doubled, the saturation 
current 1s also doubled. 


(b)1=2x 10 wim’ 
(a) I= 10° win 


a = Initial Uranium atom 
(a—x) = Uranium atoms left 


o-aea() 


t 15x10? 1 
and t= ag 
hia 45x10’ 3 


1.1/3 
~ A-X =aAl— 
() 


a 1 glis 


=> — ———____ — ——__ = | 26 


2. 221 96-250 96 


= 
a—-x 


KEY CONCEPT : 


The wavelength A, of photon for different lines of Balmer 
series 1S given by 


he | | 
ra = 13.6 5-5 eV, where n = 3, 4,5 
Using above relation, we get the value of A = 657nm, 487 nm 
between 450 nm and 700 nm. Since 487 nm, is smaller than 
657 nm, electron of max. K.E. will be emitted for photon 
corresponding to wavelength 487 nm with 


(1202) a ssev 


(K.E.) = he —-W= 
487 


r 
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35. 


36. 


The de Broglie wave length is given by 


eee d 
mv 2mK 
Case (1) 0<x<1 


For this, potential energy is E, (given) 
Total energy = 2E, (given) 
h 


[2mEy ...{1) 


Case (iil) x > 1 
For this, potential energy = 0 (given) 


Ay = 


Here also total energy = 2E, (given) 1. 


.. Kinetic energy = 2E) 
h 


Tina) 


Dividing (1) and (11) 


dy VE Me 
(a) KEY CONCEPT : We know that radius of nucleus is 


given by formula 


r=r,A'/3 where ry =constt, and A = mass number. 


For the nucleus 7, = r Al! 3 3. 


For unknown nucleus r5 = ry (A)! 


Bg? orld 


.. No of proton = A — no. of neutrons = 56 — 30 = 26 
.. Atomic number = 26 


1/3 
=>A=56 


(b) We know that v = Rc(Z — b)* a = 
ny 5) 


Here, R=1.1 x 10’, c=3 x 108, Z=26 
b= 1 (for K,),n, =1,n,=2 


1 1 
“ V=1.1x 107 x3 x 108 [26-1] 7s 


=3.3x10!9 «25x 25x2-= 1.546 x10!8 He 


4, 


Note : nth line of Lyman series means electron jumping 
from (n + 1)th orbit to 1st orbit. 


For an electron to revolve in (n + 1)th orbit. 


2mr=(n+ 1) 
21 2 2 
_ x ¢ = ——_ 10 ](a+)) 
sil 
X 2n| 0.529x107!? |(n +1) (i) 
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Also we know that when electron jumps from (n + 1)th orbit 


to lst orbit. 


| _ R7? _ =| =1.09x10'Z*| 1- 5 
r I” (n+l) (n+1) 


(il) 
From (1) and (11) 
— =1.09x107 Z7| 1- 5 
2n(0.529 x10" )(n +1) (n+1) 


On solving, we get n =24 


F. Match the Following 


A>p;B->t;C-7>u; Dr 
The correct match 1s as follows : 


(A) Energyofthermal neutrons  (p)0.025eV 
(B) Energy of X-rays (t) 10keV 
(C) Binding energyper nucleon (u)8MeV 
(D) Photoelectric threshold (r) 3eV 


ofa metal 
A—>p,q;B>p,r; C>p,s; D—p,q,r 
In a nuclear fusion reaction matter is converted into energy 
and nuclei of low atomic number generally given this reaction. 
In a nuclear fission reaction matter is converted into energy 
and nuclei of high atomic number generally given this 
reaction. 
A—>p,r 
Reason : Characteristic X-ray are produced due to transition 
of electrons from one energy level to another. 
Similarly the lines in the hydrogen spectrum 1s obtained due 
to transition of electrons from one energy level to another. 
B—4q,s 
Reason : In photoelectric effect electrons from the metal 
surface are emitted out upon the incidence of light of 
appropriate frequency. 
Note : In B-decay, electrons are emitted from the nucleus of 
an atom. 
Cp 
Moseley gave a law which related frequency of emitted X- 
ray with the atomic number of the target material 


Vv = a(Z —b) 

D-q 

In photoelectric effect, energy of photons of incident ray 

gets converted into kinetic energy of emitted electrons. 

A>p,q,t; Bq; C>s;D-> s 

(p) When an uncharged capacitor is connected to a battery, 
it becomes charged and energy is stored in the 
capacitor. (A) is the correct option. 

(q) When a gas in an adiabatic container fitted with an 
adiabatic piston is compressed by pushing the piston 
(i) the internal energy of the system increases 


AU = Q-W =0-(-—PdV)=+PdV 
(i) Mechanical energy is proceeded to the piston 


which is converted into kinetic energy of the gas 
molecules. 
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(r) 


(t) 
(1) 
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None of the options in column I matches. As the gas in 

a rigid container gets cooled, the internal energy of the 

system will decrease. The average kinetic energy per 

molecule will decrease. 

When a heavy nucleus initially at rest splits into two 

nuclei of nearly equal masses and some neutrons are 

emitted then 

(i) Internal energy of the system is converted into 
mechanical energy (precisely speaking kinetic 
energy) and 

(i) Mass of the system decreases which converts 
into energy. 


x x x 
x x 
x x x 


When a resistive wire loops is placed in a time varying 
magnetic field perpendicular to its palne. 

Induced current shows in the loop due to which the 
energy of system is increased. 


gO—>7N+ 7B 
B* particle 
3°U —> op -Th+ 3He 
a—particle 
3° Bi —> $5‘Pb+ jH 
proton 


2 Pu —> Mba + Bx 


(c) is the correct option. 


19. A>r,t; Bo p,s;C—-p,g,r,t; D> p,gq,r,t 
Based on facts 


G. Comprehension Based Questions 


= 2 
For hydrogen like atoms E, = eee eV/atom 
n 
For hydrogen atom Se igicey 
(Z=1) 


“, AE=E,—-E, =-3.4-(- 13.6) =10.2 eV 
1.e., when hydrogen comes to ground state it will release 
10.2 eV of energy. 


For He‘ ion 

“(Z=2_ E, =— 13.6 4eV=—54.4eV 
E,=— 13.6eV 
E,=-3.4eV 


Here He’ ion is in the first excited state i.e., possessing 
energy — 13.6 eV. After receiving energy of + 10.2 eV 
from excited hydrogen atom on collision, the energy of 
electron will be (—13.6 + 10.2) eV =—3.4 eV. This means 
that the electron will jump ton = 4. 


2. 


(c) 


(a) 


(d) 


(a) 


(b) 


(a) 


After collision with hydrogen atom the He” ion is in its 
third excited state (n = 4). After that the electron can 
jump into n =3. 


h 
AE=hv= a E,-E; 


_ BSA (BEA) | 1610 


16 9 
—34 8 
. 66x10 ~* x3x10 me Ilot 
r 16 9 
6.6x10-** x3x 108 x9 x16 7 
A= ——————— = 4.68x10 'm 


7 x13.6x4x1.6x10-)? 
Since only one option is correct, we need not work out 
the case of electron jumping fromn=4 ton=2. 


13.6x1? 
K.E. for hydrogen atom (for n = 2) = — eV 
Z 
K.E for He* (for n=2)= — = 13.6 eV 


“Ratio = 


The collection of ; H._ nuclei and electron is known as 


plasma which is formed due to high temperature inside 
the reactor core. 
Applying conservation of mechanical energy we get 
Loss of kinetic energy of two deuteron nuclei 

= Gain in their potential energy. 


ee 


ANE, r 
(1.44107 eV) 


=> 2x1.5x{86x10° =} «7 
k 4x107>m 


—9 
se poe — =1.4%10°K 


= 
2x 1.5x8.6x 10° x 4x10 
For the reading B we get nt, > 5 x 10!4 which is the 
Lawson criterion for a reactor to work successfully. 


2 
ca! wd poe 
p 2m 
n loops 
x=0 a ) x=a 
2 
ee ee 
2m? 


The length in which the particle is restricted to move is 


r 
a. This length is a multiple of =. 


2 
Now, ae = y= 28 
2 n 
hn? n>h? 


=, E = —_c—-—= 
2mx4az  8ma? 
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= maximum energy of anti-neutrino is nearly 0.8 x 10° eV. 
=> Eoa™” fora particular value of n. ey s 


8.  (b) For ground state n= 1, 15. (a) 31° Po —> 2)°Pb + 3He 
Given m= 1.0 x 10° kg, a=6.6 x 10 m Here Am=[209.982876—(205.974455+.4.002603)] x932MeV 
1? x (6.6x10->4)7 = 5.422 MeV =5422 keV 
J=8 meV By conservation of linear momentum 


een eae oa ROC. 
8x1xl0 ~~ x(6.6x10 ~) Linear momentum of a-particle = linear momentum of 
h 
9 @d@d Aa=—>p> pas pee = = 
mv A Po Plead 


But = -~aq>i= 2a 2m, KE, = 2M ead K-Ejead 
n 


2 Mead x K.Fjead = 206 x K.Ejead 


ny th = eT oy, Aes “KLE “a 7 (1) 
2a 2am Also K.E,, + K-Ejeaq= 5422 keV (2) 
10. () According to Bohr’s quantisation principle L = ~ Saciaovles Saat above two equations we get 
ae Loe eh : (a) is the correct option. 
Rotational kinetic energy = nae = 345 | 16. (©) Only incase ofc we have m, + m,>M' 
[. L =o] (c) is the correct option. 
In other cases of fission m, +m, ~ Mand in the other 
Coe Ores =| ( case of fusion m; + m, 4 M’ 
21° 2 An? 8x77 | 
11. (b) Energy given = change in kinetic energy H. Assertion & Reason Type Questions 
2 1. (b) Statement 1 : The wavelength of characteristic X-rays 
hv= Ky, -K;=—- S17] [From (1)] depends on the type of atoms of which the target material is 
; 81 made. It does not depend on the accelerating potential. 
Feges 3h Therefore, statement I is true. 


877 Statement 2 : When an electric beam strikes the target in an 
Te 3h = 3x2nx LO 3 10-43 X-ray tube, part of the kinetic energy is converted into X- 
=r ae ee a 46 . ray energy. This statement is true. But statement 2 does not 

81° x eae 10 explain statement 1. 


= 1.87 10“ kgm? 


12. (c) Centre of mass divides the distance between the point |. Integer Value Correct Type 


masses in inverse ratio of their masses. LG) Wek bt Gi h 
; e know that, 4 = ——== 
ee 1 — — 
m, +m, 2 m, +m A Meda _ ee ig ate 
Also the moment of inertia of the system is A Alm re er anes ial 
C 
<—!_—_—_r,> 2. (8) Weknowthat N=N,e™ 
o—___________+___ 
c.m 
k——— d ————_——_9| ee — =N,e" A) =-N, de 
2s 2 2 t 
f= mr +mr Taking log on both sides 
2 
5 e 
: 16x—x10 xd log, = log, (—NoA)— At 
46 _ -27 | ——.—___—_ oe eed 
=> 1.8710 a ad 98x x 10-27 Comparing it with the graph line, 
3 oe eee E | 
2 we get A= —Yyr pre F 
5 12x> «107d Pe oe ea Gg 
+16x>x107| —#—___ wn dannbandan-ba-do nn 
28 x 5107 ee ee oo ee 


=> d=1.3«107'°m 

13. @ Kshould be less than 0.8 x 10° eV as anti-neutrino will 
have some energy. 

14. (c) Theenergy shared between anti-neutrino and electron. 
If the energy of electron is almost zero then the 


me NO Ww Hh WN WNW 
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Lo = — = 0.693 x 2 = 1.386 years 

is 4.16 
N Gla l Cis 1 
3 Ww 
aN | 
We know that, ||,|=AN = N 
- dt Lean 
19'° = — x N 
10 

- N=10! 

i.e. 10!? radioactive atoms are present in the freshly prepared 

sample. 


The mass of the sample = 10!? x 10-7 kg = 10-°kg = 1 mg 
4. (7) 


1] he 
Stopping potential = 2|% = where he = 1240eV -nm 


200 


= er a] = +[6.2-4.7] 
e e 


= ee =1.5V 
e 


putv=———# =~ 
aaa ANE9 I 7 A4nEg I 
_ Vr(4neg) «1.5 x10 
Ber oe Oana eae: 
e 9x107 x1.6x10 
“.n=1.04~x 107 


Comparing it with A x 107 we get, z=7 
5. (7) LossinK.E. ofproton = Gain in potential energy 
of the proton — nucleus system 


1 

Le See a 
2 AT Eq r 
2 

BP 1 Hh 

2m 40 e& fF 


1(n) 1 mm 


2m 1° An @| r 


2 
bs 4ner.h 7 fm 
V 41 92 (2m) 


6. (1) For photoelectric effect ¥.. 


hv 2a 
& .€ 
The slope is 6 


h 
tan 8 = — = constant 


e 
”. The ratio will be 1. 


7. (4) For aradioactive decay 
N=Ny e™ 
N a 
Le ——-=l-e as 


8. (3) 
9, (2) 
10. (2) 
11. (2) 
12. (9) 
13. (6) 
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0.693 
t 
=l-e 


xt 


. No=N =1-e°* -1-(1-0.04) 


N 


~0.04=4% [.e*=1-xx<<]] 


ee ee eee: 


100% 50% 25% 12.5% 
Three halflife are required. Therefore n = 3 


he _ 13.6 


—— +10.2 
© 
1242 13.6 
oo ee nz=4 .. n=2 
2 (a7 At 
foe el 
dt  dt| dt} ¢? dt? 
R=N,Me™M=(NA)REM= ADE 
[-.: A,=N Al 
2 
Rp ip eo hel _ AP. eo am e2t me 
Ro rage’? WO edt tH C 
et 
n=2 


3h 
Given myvr= 2=—- >n=3 
2n 


hr 3h 


% In 


Maximum kinetic energy of B-particle 


= [mass of < B —mass of ral Ga x 9315-4041 
=[12.014-12] x 931.5—4.041]=9MeV 


_ he _1.237x10 
4  970x10""° 
.. The energy of electron after absorbing this photon 


=—13.6+ 12.75 =—0.85eV 
This corresponds to n = 4 


eV =12.75eV 


—l) 4(4-1 
Number of spectral line = a = soli =6 


2 
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10. 
11. 


(c) 


(c) 


(a) 
(c) 


(a) 
(a) 


(c) 


KEY CONCEPT: 
The energy of nth orbit of hydrogen is given by 


E.= = eV /atom 


n 
n 
Forn=2, FE = st =-34eV 


Therefore the energy required to remove electron from 
n=2is+3 4eV. 

Pure silicon, at absolute zero, will contain all the 
electrons in bounded state. The conduction band will 
be empty. So there will be no free electrons (in 
conduction band) and holes (in valence band) due to 
thermal agitation. Pure silicon will act as insulator. 
Charged particles are deflected in magnetic field. 

We know that work function is the energy required 


and energy E= hv 


7 Ena = AONa = ew ia vx + forlight 
Ecu h Vcu Na A 
Na Ecu = 4.5 nas 2 
“hey Eng 23 1 
Formation of covalent bond is best explained by 
molecular orbital theory. 


After every half-life, the mass of the substance reduces 
to half its initial value. 


N N N 
No 5 years . 5 years . 5 years os 
2 


Specific resistance 1s resistivity which is given by 
m 


p=—> 
ne tv 


where n = no. of free electrons per unit volume 

and t =averagerelaxation time 

For a conductor with rise in temperature 7 increases 
and t decreases. But decrease in t is more dominant 
than increase in n resulting an increase in the value of 
p 

For a semiconductor with rise in temperature, 7 
increases and t decreases. But the increase in n 1s more 
dominant than decrease in t resulting in a decrease in 
the value of p. 

The energy band gap is maximum in insulators. 
Emitter sends the majority charge carrriers towards the 
collector. Therefore emitter is most heavily doped. 


B -rays are fast moving beam of electrons. 


The resistance of metal (like Cu) decreases with 
decrease in temperature whereas the resistance of a 
semi-conductor (like Ge) increases with decrease in 
temperature. 


P-S-293 


12. (a) The electromagnetic spectrum is as follows 


increasing wavelength 
y—rays - x-rays - UV rays - visible rays - IR rays - microwaves - radiowaves 
.. y-rays has least wavelength 
13. (c) Here, conservation of linear momentum can be applied 


No & 


238 x0=4ut+234v >-. v= 


4 
. speed =| v |= —u 
peed VF 554 
14. (6b) When the temperature increases, certain bounded 
electrons become free which tend to promote 
conductivity. Simultaneously number of collisions 
between electrons and positive kernels increases 


A, 1 5000 
— =-—log, —— =04log,2 
AS eso. 
16. (6) Thenumber of oa - particles released =8 
Therefore the atomic number should decrease by 16 


| 
15. (a) Mimi 208 


The number of B™ -particles released = 4 


Therefore the atomic number should increase by 4. 


Also the number of 6* particles released is 2, which 


should decrease the atomic number by 2. 
Therefore the final atomic number is 
92-16+4-2=78 

17. (a) For one photocathode 


l 
hf, -W = =mvy _..(i) 
For another photo cathode 

l 
hf, -W = =mvy fii) 


Subtracting (11) from (1) we get 


1 1 
(hf, -W)-(hf, -W) = =mvy —5mv2 


WG A)=FOt-¥) 


18. (a) Theradioactive substances emit a -particles (Helium 
nucleus), B — particles (electrons) and neutrinoes. 


P-S-294 
19. @ 
20. (b) 
21. (€) 
22. (a) 
23. (a) 
24. (b) 
25. (d) 
26. (a) 
27. (b) 
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3 
The average kinetic energy per molecule = ast 


This kinetic energy should be able to provide the 
repulsive potential energy 


“ “KT =79I M0 


7. 2x7.7x10" 
3x1.38x107° 


The ionisation potential increases from left to right in a 
period and decreases from top to bottom in a group. 
Therefore ceasium will have the lowest ionisation 


= 37x10" 


potential. 
The wavelength of spectrum is given by 

( \ : 
1p jot where 
‘aad eS 3 1” 


where m = mass of electron 

M= mass of nucleus. 

For different /, R is different and therefore A is different 
As in reverse bias, the current through the 0000 1s zero 
through the electric field is also zero. 


E,, = - 277 ev/atom 
n 
For lithium ion Z=3 ;n=2 ( for first excited state) 
13. 
E, = ert x 3° =-30.6eV 
2 
E 
Momentum of photon = — 
C 
2E 


Change in momentum = — 
C 


= momentum transferred to the surface 
(the photon will reflect with same magnitude of 
momentum in opposite direction) 


From Equation K.E =hv-—@o 


slope of graph of K.E & v ish (Plank's constant) 
which is same for all metals 
For the longest wavelength to emit photo electron 


» = 6.63x10734 x3x10° 


=310 
40x1.6x107!® ca 


From conservation of momentum m,v, = mv 


(m \ (vy) wy 
ae Or ele given " =2 


l ] re l (1, \ ] ste 


28. (a) The nuclear reaction of process is 2; H 55 He 


29. 


30. 
31. 


32. 


33. 
34. 


35. 


36. 


37. 


(a) 


(d) 
(d) 


(d) 


(b) 
(a) 


(b) 


(d) 


(a) 


Energy released = 4 x (7)—4(1.1) = 23.6 MeV 
KEY CONCEPT: 
Distance of closest approach 


Ze(2e) 
19 = 
Ane Ek 


Energy, = 5x10° x1.6x10 /95 


_ 9x10? x (92x 1.6x107'%) (2x 1.6107”) 


ae 7 
5x 10° x1.6x107!? 

7 ree 212 
>r=52x1l0 “m=53~x10°'*cm 
Electrons move from base to emmitter. 

In common emitter configuration current gain 


Toe fe _ —50 

© 1+byeRy 1425x107 x1x10° 
Copper is a conductor, so its resistance decreases on 
decreasing temperature as thermal agitation decreases,; 
whereas germanium is semiconductor therefore on 
decreasing temperature resistance increases. 
Pault’s exclusion principle. 
Both the depletion region and barrier height is reduced. 


=—48.78 


KEY CONCEPT: R = R, (4)! 


1/3 
RA) tay a 
“URy AG): SIDS 


Ry = 23.6 = 6 fermi 


- of Cu decays in 15 minutes. 
.. Cuundecayed = N= 1 —- ie Z = (3) 
8 8 \2 
”. No. ofhalf lifes = 3 
t 15 
n= OF 3= Tr 


l 
= T=halflife period = = = 5 minutes 


2 
A _{[m) _t 
I, H 4 


I, — 4times rf 


l 
fo, 
r 
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When intensity becomes 4 times, no. of photoelectrons 1 
emitted would increase by 4 times, since number of 44. (d) Input frequency, f=50Hz > 7 =— 
electrons emitted per second is directly proportional 50 


to intensity. . T | 
38. @ _ Band gap= energy of photon of wavelength 2480 nm. For full wave rectifier, 7, = 100 Ff; = 100 Hz. 
So, 
, : 45. (a) [,=5.488 mA, /,=5.6mA, Ip=I,-I¢ 
he 107 l l 
ag = AE = [Sse ma er io Pie othe ee 
: oe Tp 5.6-5.485 _ 
=0.5 eV 
es = -19 
39. (c) KEYCONCEPT: Intensity 7 = [,.e7"4, 46. (a) $= 6.2 eV =6.2x1.6x10 "J 
Applying logarithm on both sides, V=5 vol = =g=iey, 
aie (7) 
— Ua = 108) —— —34 8 
Li) ee he _ 6.6x10 — Ae aa 
1/8 o+eVy 16x10 '7(6.2+5) 
Se ee og “1 — (i) This range lies in ultra violet range. 
47. (c) Work done to stop the ao particle is equal to K.E. 
—uxd=lo (72) (ii) 1 K(Ze) 1 
uxd = log ces “qv =zmv? = qx (Ze =Smv" 
r 
Dividing (1) by (11), 
2(2e)K (Ze) 4KZe? 
vel!) aa! re 
36 oe 8 oe 2 36 mv mv 
log( 4) log 4) >ra«x—andra—. 
Z 2 y m 
40. @) Zero; Incommon base amplifier circuit, input and output 48. (b) Theorder of time is 107-195. 
voltage are in the same phase. : : ; 
49. (c) 3Li + jp —— {Be + oy 
41. (b) KEYCONCEPT:E= Rhc A 50. (c) The range of energy of B-particles is from zero to some 
Ps ‘ - maximum value. 


51. (b) Van der Waal's bonding is attributed to the attractive 
forces between molecules of a liquid. The conductivity 
of semiconductors (covalent bonding) and insulators 


E will be maximum for the transition for which 


= = — ismaximum. Here ”, 1s the higher energy (ionic bonding) increases with increase in temperature 
mM Ny while that of metals (metallic bonding) decreases. 
level. 
eve oe Ee MOAN e eT Tg Mer Ye 5 
l 1 ° I, Np eAv, 4 5 Vp Vp 4 
Clearly, | —-———| is maximum for the third ; 
° ne on 53. (b) JD, is forward biased whereas D, is reversed biased. 
So effective resistance of the circuit 
transition, 1.e. 2-5]. I transition represents the R=44+2=60 
absorption of energy. 2 
42. (d)_ de-Broglie wavelength, = % =2A 
r= La h 2 ee 1 54. (d) p-side connected to low potential and n-side is 
— —p ./2.m(K.E) 7 KE connected to high potential. 


55. (b) As A decreases, v increases and hence the speed of 
NN photoelectron increases. The chances of photo electron 
If K-E 1s doubled, wavelength becomes v2 to meet the anode increases and hence photo electric 
current increases. 
56. (b) Let E be the energy of proton, then 


On comparison, E+7x5.6=2x[4 x 7.06] 


A=7+4-1=10,z=3+2-0=5 => E = 56.48 — 39.2 =17.28MeV 
It is boron ;B!° 


43. (a) Po as + on! — ski + »He* 
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57. (c) 
58. (Cc) 
59. (a) 
60. (c) 
61. (c) 
62. (a) 
63. (a) 
64. (c) 
65. (a) 
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The risk posed to a human being by any radiation 
exposure depends partly upon the absorbed dose, the 
amount of energy absorbed per gram of tissue. 
Absorbed dose is expressed in rad. A rad is equal to 
100 ergs of energy absorbed by 1 gram of tissue. The 
more modern, internationally adopted unit 1s the gray 
(named after the English medical physicist L. H. Gray); 
one gray equals 100 rad. 

A crystal structure is composed of a unit cell, a set of 
atoms arranged in a particular way; which is periodically 
repeated in three dimensions on a lattice. The spacing 
between unit cells in various directions is called its 
lattice parameters or constants. Increasing these lattice 
constants will increase or widen the band-gap (£,), 
which means more energy would be required by 
electrons to reach the conduction band from the 
valence band. Automatically £., and E,, decreases. 


Be 120 
The average total energy density 


l 2 1 2 2 
~ > Eo =5 € [V2E ans =€ Ems 


=8.85x107!* x(720)? =4.58x10° J/m? 

Binding energy 

= [ZMp + (A-Z)My — M]c? 

=[8M, + (17-8)M,,—M]c” 

= [8Mp + 9M, — Mc? 

= [8Mp + 9My — M, Je” 

There is no change in the proton number and the 
neutron number as the y-emission takes place as a result 


of excitation or de-excitation of nuclei. y-rays have no 
charge or mass. 
The current will flow through R, when the diode is 
forward biased. 
Energy of a photon of frequency v is given by F = hy. 
Also, E = mc?, mc? = hv 
hv hv 
=> mc=— = — 
C C 
According to question, 


Half life of X, Tj) = Tay, average life of Y 


sy CIE eet 101693) hg 
Ny dy 
. Nx < hy. 


Now, the rate of decay is given by 


. Ywill decay faster than X. [ -.. N is some] 
Si and Ge are semiconductors but C 1s an insulator. 
Also, the conductivity of Si and Ge is more than C 
because the valence electrons of Si, Ge and C lie in 
third, fourth and second orbit respectively. 


66. 


67. 


68. 
69. 


70. 


71. 


(d) 


(b) 


We have to find the frequency of emitted photons. For 
emission of photons the transition must take place from 
a higher energy level to a lower energy level which are 
given only in options (c) and (d). 

Frequency is given by 


( \ 
hv=—13.6| “5 -—5, 
ne 


For transition from n= 6 ton=2, 
: = 136/11) _2,(38) 
ne, \e 27} 9 Lh 


For transition from n=2 ton=1, 


: - 136/11) 3,138) 
ah (52 2) 4 \ pn}: 
Y. vi > V2 


Using Bragg's equation 2d sin® = nv 


Heren=1, 9 =90-—i=90-30=60° 


(b) 
(d) 


(a) 


(b) 


2dsin 0 =x 


227 


a 


Also, A = 107° m 


1227 


WW 


«107 1° 


From (i) & (ii) 2x 107!” x sin 60° = 


V =50V 


_ 12.27)" 
3 

2d cos i= nh yp 

We know that energy is released when heavy nuclei 
undergo fission or light nuclei undergo fusion. 
Therefore statement (1) is correct. 

The second statement is false because for heavy nuclei 
the binding energy per nucleon decreases with 
increasing Z and for light nuclei, B.E/nucleon increases 
with increasing Z. 

It is a n-p-n transistor with R as base. 


2 
k ; k mv 
When / = —=centripetal force, then — = —— 
. r r 


=> mv* = constat > kinetic energy is constant 


= Tis independent of n. 
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74. 


19% 


76. 


77, 


78. 


79. 


80. 


(c) 


(a) 


(d) 


(d) 


(b) 


(d) 


(c) 
(b) 


The truth table for the above logic gate is : 

This truth table follows the boolean algebra C=A+B 
which is for OR gate 

Itis given that transition from the state n =4 ton =3 1n 
a hydrogen like atom result in ultraviolet radiation. For 
infrared radiation the energy gap should be less. The 
only option is 5 —» 4. 


7 = 400 nm, hc = 1240 eV.nm, K-E. =1.68 eV 


h h 
We know that = -W=KE => W=---KE 


1240 
W =———1.68 =3.1- = 
=> 400 3.1—1.68=1.42eV 


For 4+B—C+é, & 1s positive. This is because E, 
for C is greater than the £, for A and B. 


Again for (> D+£E+6,€ 1s positive. This is 
because £, for D and Fis greater than E, for F. 


Here y=(A+B)= AB=-A-B . Thus itis an AND gate 
for which truth table is 


We know that a single p-n junction diode connected to 
an a-c source acts as a half wave rectifier [Forward 
biased in one half cycle and reverse biased in the other 
half cycle]. 


We know that 
€Vo = Kmax = Av—-@ 


where, @ is the work function . 


Hence, as v increases (note that frequency of X-rays 
is greater than that of U.V. rays), both V, and K,,__.. 
increase. So statement - | 1s correct 


In nuclear fission, the binding energy per nucleon of 
daughter nuclei is greater than the parent nucleus. 


By conservation of energy, 
2 
2 22. * 
where v is the speed of the daughter nuclei 


(M+ Am)c? 


=> Amc? rage ~v=ec a 
2 M 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


(b) 


(a) 


(a) 


(b) 


(b) 


(b) 


(c) 
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(ee ee ey ee ‘ 
A-12-(Z-8) 

.. Required ratio= 4—“— 
“, Required ratio= >> 


The final boolean expression is, 


X =(A.B)= 4+B =A+B = ORgate 


nhv 
Power, P = as 


Pxt 
Vv= 
nh 


_ Ax10° x1 
107° x 6.63x 10734 


For long distance communication, sky wave signals 
are used. 

Also, the state of ionosphere varies every time. So, 
both statements are correct. 

Energy of excitation, 


=6x 10! Hz 


1 1 
AE=13.622| > 7-7 |e” 
mh Nn) 


1 1 
=> AE=13.6(3) S-5) = 108.8 eV 


Number of undecayed atom after time f, ; 


N = ; 
ae (0 
Number of undecayed atom after time ¢,; 
2N = ss 
—0 = Noe Mt _{ii) 
3 
: —hto _ 1 
From (1), @ ©“ = 3 
I 2 
=> -dt,=log, 3 ...(1I1) 


- 2 
From (11) — e742 = 3 


py 
=> -ht, =log, (2) ...{V) 


Solving (111) and (iv), we get 

t,—t, =20 min 

By Einstein photoelectric equation, 
Konax = Co = hv — hv 
When v is doubled, K. 


ay and Vo become more than 
double. 


(d) The possible number of the spectral lines is given 


_ n(n—-1) © 44-1) _¢ 
ae te oe 


By expanding this Boolen expression 


Y=AB+BA 
Thus the truth table for this expression should be (1). 
Let dis the maximum distance, upto it the objects 
From AAOC 


OC? = AC* + AO? 
(h+R)* = d* +R? 


d* =(h+R) —R? 


d=\(h+R)* -R? 
d=vh* +2hR 


d =~ 5002 +2x6.4x10° =80km 


in—— > {H+_,e° +v+Q 


The mass defect during the process 
Am=m,, —Mpy-—M, 

= 1.6725 x 10-27 — (1.6725 x 10-27+ 9 x 10-3!kg) 
=-9x103lkg 

The energy released during the process 

E=Amc2 

E= 9x 103!x 9x 10!®=81 x 10-!> Joules 

— 81x107% 

1.6x 107! 


The energy of the system of two atoms of diatomic 


= 0.511MeV 


1 
molecule E = ot wo 


where /= moment of inertia 


ae 


w= Angular velocity = 


> 


C= Angular momentum 


1 
[= S (mn? + mrs) 


1 
Thus, £ = S (mn: ote My ty” eo? ... (I) 


93. (b) 


94. (b) 


95. @) 


96. (a) 


97. (@d) 
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1 L 
E= Sly + Mita") 


nh 
L=n On (According Bohr's Hypothesis) 


[2 


1 2 2 
E= (m,n =lr M91 ) 5) 2.2 
2 (myn +Mp75 ) 


al ie 7 n°h* 
ae, Yee er ay eee 2 
(my +mzry) 8x" (mr +m15 ) 
Pe (m, +m \n7h? mr 


esis fie tank SO 

8n71r7mm> : aa m, +m o my — 
Given : Resistance R= 100 kilo ohm = 100 x 10°. 
Capacitance C = 250 picofarad = 250 x 107!4F 
t =RC=100 x 103 x 250 x 107! sec 
=2.5x 10’ x 107! sec 
=2.5 x 10> sec 
The higher frequency whcih can be detected with 
tolerable distortion is 


: I —=—__*___f 
2nmgRC  2nx0.6x2.5x10~ 
4 
UY Se 
25x1.20 


This condition is obtained by applying the condition 
that rate of decay of capacitor voltage must be equal or 
less than the rate of decay modulated singnal voltage 
for proper detection of mdoulated signal. 
From question, 
By =20nT=20 x 10-°T 
(- velocity of light in vacuum C =3 x 108 ms~!) 
Ey = Bo x C 
|Eo [=| BI.|C |= 20x 107 x3 x10° 

= 6 V/m. 
As (1s increased, there will be a value of A above which 
photoelectrons will be cease to come out so 


photocurrent will become zero. Hence (d) 1s correct 
answer. 
For same value of current higher value of voltage 1s 
required for higher frequency hence (1) is correct 
answer. 
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98. (a) 


99. (c) 


100. (&b) 


101. (c) 


vercz*{—1 1 
(n-l)” on 


RCZ2 a 
n*(n—-1) 
The current voltage relation of diode is 
l= ‘Cag a 1) mA (given) 


When, J =5mA, el 000 VIT_ 6mA 


1000 
pail 


T 
(By exponential function) 


Also, df = (el ¥/7) 


1000 


(6nd 
(omA) x 


=0.2mA 


x (0.01) 


| 


= C= —— 
E, = CB, and Jue 


l 
Electric energy density = 5 E Ey” = HE 


Magnetic energy density = = HB 


1 Bo’ 
2 Uo 
Thus, Wp = Hp 

Energy is equally divided between electric and magnetic 
field 

Radius of circular path followed by electron is given 


by, 


_mv_V2meV 1 Jom y, 
qB eB BN e 
22 
Po ey 


For transition between 3 to 2. 


| oe h 


k= 13.6(4-4 
4 9 36 


Work function = 1.88 eV —0.8 eV 
= 1.08 eV ~=1.leV 


=1.88eV 


Wave number = — RZ a = a 
A nen 


| 
= are 


By question n= 1 and n, =2 


Then, Ay = A» = Ah, = 9A4 


102. (a) 


103. (d) 
(1) 


(2) 
(3) 
(4) 


104. @) 


105. (a) 
106. (c) 


107. (a) 
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n 
Pp 

For forward bias, p-side must be at higher potential 
than n-side. AV =(+)Ve 


Infrared rays are used to treat muscular strain because 
these are heat rays. 

Radio waves are used for broadcasting because these 
waves have very long wavelength ranging from few 
centimeters to few hundred kilometers 

X-rays are used to detect fracture of bones because 
they have high penetrating power but they can't 
penetrate through denser medium like bones. 
Ultraviolet rays are absorbed by ozone of the 
atmosphere. 


Using U,,= 5£0E” 


But U,, = 
Anr? xc 


P l 
== = —£,E* XC 
4nr? 2 

2 2P 


- _ 2x0.1x9x10? 
: 4nre,c 


1x3x10° 


E)= V6 =2.45V/m 
Amplitude modulated wave consists of three 
frequencies are O, + O49 0,0, — Oy 
Le. 2005 KHz, 2000KHz, 1995 KHz 
k ze? 


2 
Ue kK pe = 
I 21 


k 2 
K.E= a2 . Here r decreases 
r 


Frank-Hertz experiment - Discrete energy levels of atom 
Photoelectric effect - Particle nature of light 


Davison - Germer experiment - wave nature of electron. 


I I 
108. (b,d)We know that == and a. 
e b 
Alsol,=1,+1, 
qe 
I ] 
I, +1, 142c 1+B 
Ih 


109. (a) 


Option (b) and (d) are therefore correct. 


In case of an 'OR' gate the input 1s zero when all inputs 
are zero. If any one input is' 1', then the output is '1'. 
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110. (c) In amplitude modulation, the amplitude of the high 
frequency carrier wave made to vary in proportional to 
the amplitude of audio signal. 


a 7 Audio signal 
NAARAARRAY Carrier wave 


A mA Amplitude modulated wave 


111. (©) hv,2—hvy= mv" 


4 l 
* —hv, —hvy = —mv 
30 ee 


9-5, 113. (c) 
Ye 
v2 V—-Vo 
2 tiie Ue 
mes 3 


112. (b) For A,,=20 min, t= 80 min, number of half lifes n=4 


.. Nuclei remaining = oe . Therefore nuclei decayed 
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No 
0 7 74 
For B,,, = 40 min., t= 80 min, number of half lifes n =2 


.. Nuclei remaining = a2 . Therefore nuclei decayed 
No 
=No 52 
No-~2 (= 
-poquretrion ——Fr= 815,48 
.. Required ratio = No-P 11 =16*%374 


Graph (a) is for a simple diode. 

Graph (b) is showing the V Break down used for zener 
diode. 

Graph (c) is for solar cell which shows cut-off voltage 
and open circuit current. 

Graph (d) shows the variation of resistance h and 
hence current with intensity of light. 
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